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 Southeast Research Farm 
29974 University Road 
        Beresford, South Dakota 57004 
 
The purpose of this page is to grab your attention and convince you to join the 
Southeast Experiment Farm Corporation.  The Southeast Farm Corporation consists 
of people just like you from southeast South Dakota and the surrounding area.   
 
Around 1955, a group of progressive farmers began efforts to create an association 
that would be concerned with agricultural research in southeast South Dakota.  On 
May 3, 1956, a non-profit organization, the Southeast Experiment Farm Corporation, 
was formed.  The purpose of the corporation was to acquire and disseminate 
information concerning crop and livestock production.   
 
The business affairs of the corporation are handled by a very active Board of 
Directors.  Members of the board are elected for a two-year term from each 
participating county.  An annual meeting is held each year to allow members to 
review the activities of the corporation and hear reports on progress of research 
projects and make suggestions on research that may need to be added to solve 
upcoming problems.  Because the corporation is non-profit, all funds generated by 
the corporation are used to advance research through improvement of buildings and 
facilities located at the station. 
 
We are currently working to add more new members to the Southeast Experiment 
Farm Corporation.  Lifetime memberships to the corporation are $25.  You will not be 
asked for more than that.  This is a one-time $25 membership.  These memberships 
are also transferable, so if you know of someone who has retired from farming and is 
a member, that membership can be transferred to you or anyone else.   
 
This membership to the corporation is not a large amount, but it helps us in many 
ways.  If you become a member, you will automatically receive our annual report, 
right off the press, in January; as well as letters during the year to keep you informed 
of activities at the farm and what dates and times tours will be held. Another 
important benefit is the more members we have demonstrates strong support and 
proof that there is a great deal of interest and need for agricultural research 
throughout southeast South Dakota.   
 
We hope if you are not a member that you will join us.  If you decide to join, send a 
check to the Southeast Farm Corporation for $25 to the above address.  If you have 
a membership that needs to be transferred, clip this page out on the line and fill out 
the information needed on the other side.  We will be glad to process your certificate 
and add you to our permanent mailing list.  Thanks. 
 
Southeast Experiment Farm Corporation 
29974 University Road 
Beresford, South Dakota 57004 
2006 
 
 
Subject:  Transfer of Membership 
 
The Board of Directors would like to see existing memberships,  that are not 
active, transferred to a relative or an interested party participating in agriculture 
located in the same county, if possible.  The reason for this transfer, is that a 
county must maintain a certain number of voting shares in order to elect a 
director.  The directors look after the business affairs of the research farm, make 
known the research needs of each county, and participate in management 
decisions of the farm.  It is important that each county maintain their 
representation in order to participate in these affairs. 
 
If this transfer meets with your approval, please enter the name of the party you 
wish to transfer the membership to, sign your name in the proper blanks below 
and send this letter, together with the membership share, if possible, to the 
address listed above. 
 
If there are no interested relatives, you may wish to use Option # 2, and delegate 
the responsibility to the Board of Directors to locate any interested party in the 
same county. 
 
Option #1: 
   Please transfer membership to:  ________________________________ 
                                                                   
                                       Address:  ________________________________ 
 
                                                        ________________________________ 
                                                        Signature 
                                  
                                       Address:  ________________________________ 
 
Option #2: 
   I wish to transfer this membership to the Board of Directors, authorizing them 
   to give this voting membership to an interested party within the county. 
                                                                                                                 
               ________________________________ 
                                                       Signature                                                        
 
                                       Address:   ________________________________ 
 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This forty-fifth annual report of the research program at the Southeast South Dakota Research 
Farm has special significance for those engaged in agriculture and the agriculturally related 
businesses in the ten county area of Southeast South Dakota.  The results shown are not 
necessarily complete or conclusive.  Interpretations given are tentative because additional data 
resulting from continuation of these experiments may result in conclusions different from those 
based on any one year.   
 
Trade names are used in this publication merely to provide specific information.  A trade name 
quoted here does not constitute a guarantee or warranty and does not signify that the product 
is approved to the exclusion of other comparable products. Some herbicide treatments may be 
experimental and not labeled.  Read and follow the entire label before using. 
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Weather and Climate Summary 
 
R. Berg, R. Stevens, and A. Wiebesiek 
 
Southeast Farm 0501 
 
 
 Our climate for 2005 is summarized in tables and graphs on pages 5 to 10. 
Annual precipitation and growing season precipitation were above normal this 
year. We received 28.6 inches of annual precipitation, which is 3.5 inches above 
our long-term average (114%). Our growing season precipitation measured from 
April through September was 21.1 inches (112% of normal, +2.3 inches).  This 
was also a year of extremes with June receiving 8.7 inches (212% of normal, 
+4.6), while July received only 0.9 inches (27% of normal, -2.4). Precipitation was 
normal or above for seven months of the year. Our annual snowfall was 33 
inches, with 13 inches received the first half of the year and 20 inches during the 
last. 
 
 The growing season was a little warmer than normal with a total of 3,226 
heat units (107% of our normal). The coldest temperature of the year was -20°F 
on January 15 and 16 and December 6 and the hottest temperature recorded 
was 99°F on July 24 giving a 119-degree temperature range. Our frost-free 
season was 156 and 172 days on a 32°F and 28°F-basis, respectively. The 
average annual high temperature was 60°F and our average annual low 
temperature was 38°F. Evaporation exceeded rainfall received every month by 4 
to 8 inches per month during the growing season, except for June when rainfall 
equaled evaporation, which is extremely rare.  We lost more than twice as much 
moisture by open pan evaporation than we gained by rainfall with a total of nearly 
41 inches of water evaporated from May through September while receiving 18 
inches of precipitation.  
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2005 CLIMATE SUMMARY 
SOUTHEAST RESEARCH FARM 
 
Annual Precipitation (inch) 28.63 114%* 
Growing Season Precip (Apr-Sep, inch)  21.08 112% 
Jan-Mar 2.64 95% 
Apr-Jun 15.16 151% 
Jul-Sep 5.92 68% 
Oct-Dec 4.91 138% 
Annual Snow (inch); (Jan-Jun/Jul-Dec) 33 13 / 20 
   
Growing Degree Units (GDU) 3,226 107% 
Minimum / Maximum Air Temp, ºF -20 (Jan 15, Jan 16, Dec 6) 99 (Jul 24) 
Last Spring Frost 31°F, May 4 24°F, May 3 
First Fall Frost 31°F, Oct 7 24°F, Oct 22 
Frost Free Period (days); 32º  / 28º basis 156  172  
Average Annual High / Low 60 / 38 +1.2 / + 2.5 
*% of normal 
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Table 1.  Temperaturesa at the Southeast Research Farm - 2005 
 2005 Average 53-year Average Departure from 
 Air Temps.   (°F) Air Temps. (°F) 53-year Average 
 Maximum Minimum Maximum Minimum Maximum  Minimum 
January 24.2 5.6 26.3 5.2 -2.1 +0.4 
February 40.1 19.4 32.7 11.4 +7.4 +8.0 
March 46.5 21.9 43.7 22.5 +2.8 -0.6 
April 63.7 38.8 60.4 35.1 +3.3 +3.7 
May 69.1 46.5 72.2 47.2 -3.1 -0.7 
June 80.7 62.5 81.6 57.5 +0.1 +5.0 
July 86.1 64.7 86.1 62.0 0.0 +2.7 
August 84.0 60.4 84.4 59.3 -0.4 +1.1 
September 81.8 55.5 75.6 48.9 +6.2 +6.6 
October 64.7 38.7 63.9 37.6 +0.8 +1.1 
November 50.6 26.4 45.0 23.7 +5.6 +2.7 
December 25.9 11.1 30.9 11.5 -5.0 -0.4 
acomputed from daily observations 
 
 
Table 2.  Precipitation at the Southeast Research Farm - 2005 
 Precipitation 53-year Average Departure from 
Month 2005 (inches)  (inches) Avg. (inches)  
January 0.30 0.46 -0.16 
February 1.02 0.83 +0.19 
March 1.32 1.48 -0.16 
April 2.63 2.55 +0.08 
May 3.86 3.39 +0.47 
June 8.67 4.09 +4.58 
July 0.88 3.25 -2.37 
August 1.25 2.87 -1.62 
September 3.79 2.64 +1.15 
October 1.12 1.72 -0.60 
November 2.56 1.26 +1.30 
December 1.23 0.59 +0.64 
Totals 28.63 25.13 +3.50 
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FIELD PEA AND WINTER  
WHEAT CROP ROTATIONS  
 
R. Berg1, R. Stevens, B. Jurgensen,  
A. Wiebesiek, G. Williamson, A. Ibrahim2, and D. Beck3
 
                                         Southeast Farm 0506 
 
 
                                            
1 Professor/Farm Manager, Southeast Research Farm; Beresford, SD 
2 Associate Professor, Plant Science Department, South Dakota State Univ.; Brookings, SD 
3 Professor/Farm Manager, Dakota Lakes Field Station, Pierre, SD 
INTRODUCTION 
 
 Raising field pea and winter 
wheat can add diversity that may help 
improve annual grain cropping systems 
in the western Corn Belt. Both of these 
cool-season crops are very versatile 
and well adapted to many areas in the 
northern Great Plains (Kandel). They 
tolerate freezing temperatures 
extremely well, are eligible for federal 
farm program benefits, and can serve 
as green manure crops. Rhizobia 
bacteria in pea root nodules help 
convert atmospheric nitrogen into plant 
protein and provide soil nitrogen to 
reduce fertilizer costs for subsequent 
crops. Peas are an excellent source of 
protein for humans and work well in 
livestock rations (Thaler, 2003; Birkelo, 
1997;  Birkelo et al., 1999).  
 
Another cool-season crop 
alternative is spring-planted small 
grains, but they are challenging to 
incorporate profitably with corn-
soybean rotations in southeast South 
Dakota. Oat shatters and lodges easily 
and spring wheat is susceptible to 
Fusarium head scab. Small grains are 
also vulnerable to rust infections and 
other diseases as well as hot dry 
weather during flowering and grain fill. 
 
Establishing winter annual crops 
in a timely manner the same year after 
warm-season row crops can be 
challenging. Peas make the transition 
from a corn-soybean rotation into 
winter wheat or rye much easier. A 
crop rotation like corn-soybean-pea-
winter wheat increases diversity and 
reduces the likelihood of disease 
problems because intervals between 
the same crop types are longer.  
 
 This project was initiated in 
2004 to demonstrate the performance 
of field pea for integrated crop and 
swine grow-finish enterprises with two 
objectives. 1) To see whether cool-
season annual grain crops can be 
successfully incorporated into our 
traditional warm-season, corn-soybean 
rotation. 2) To compare the use of field 
pea with other feed rations for grow-
finish swine operations. 
 
 This report summarizes 
preliminary observations for the crop 
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enterprise (Objective 1) on the 
performance of field pea for a second 
year and on harvesting the first year of 
winter wheat in 2005. Field pea 
production during the first year of the 
crop enterprise was previously 
reported (Berg, et al., 2005). The 
agronomic, economic, and crop quality 
performance of corn-soybean-pea 
rotations are also discussed while 
establishing a four-crop rotation with 
winter wheat.  
 
A separate experiment was 
conducted within our winter wheat 
fields in 2005 and 2006 to compare the 
performance of hard and soft red 
varieties.  These were also tested near 
Watertown and Brookings, SD.  
 
Caution is needed in interpreting 
results from our field-scale 
demonstration because it is not a 
scientifically designed experiment. It is 
based on measured observations of 
whole field production rather than 
replicated randomized treatments. The 
winter wheat variety experiment in this 
report is based on a single site for one 
year. 
 
 
METHODS  
 
 Last year (2004) our station 
produced a field of peas, planted 
winter wheat that fall directly into the 
pea stubble, established a winter 
wheat variety trial, and fed the peas to 
feeder pigs in our confinement and 
hoop barns.  
 
This report focuses on 2005, the 
second year of the crop enterprise. It 
also includes previous corn and 
soybean performance using a total of 
seven site years for crops harvested 
from 2002 through 2005. It involves 
two areas (west and east) associated 
with three fields (2-3, 2-14, and 2-15), 
four crops (corn (C), soybean (S), field 
pea (P), and winter wheat (WW)), and 
four years.  The winter wheat nursery 
compares varieties (four hard red and 
one soft red) using three replications of 
each entry as a completely randomized 
block design experiment. 
 
These fields have primarily been 
managed as a corn-soybean rotation 
through the first two years of this 
rotation in each field. Spring wheat and 
perennial alfalfa were also grown 
occasionally in the past decade in the 
east and west areas, respectively.  
 
Each crop was not grown every 
year. The single site year in 2002 was 
a 35-acre field, then was subdivided 
beginning in 2003 to use for other 
projects. Years 2003 to 2005 each 
have two site years with similar 
acreage (east, 14 acres and west, 15 
acres) with one crop grown in each 
area per year.  
 
Climate information is based on 
data collected daily at our station, an 
official reporting site for the National 
Weather Service. Soil samples from 
these areas were collected the fall 
before planting corn and late summer 
before planting winter wheat.  
 
Winter wheat was drilled into 
pea stubble in September and semi 
leafless determinant field pea into 
soybean stubble in early April using 
certified seed in 7.5-inch rows. Green-
seeded peas were planted with a peat-
based inoculant applied directly to the 
seed in 2004 and yellow-seeded peas 
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with 6.8 lb/ac of Nodulator ® granular 
inoculant in the furrow while planting in 
2005 (Rhizobium leguminosarum; 
Becker Underwood, Inc.). Soybean 
was planted in 30-inch rows without 
inoculant into corn stalks and the same 
planter was used to establish corn into 
soybean stubble. 
 
Each crop in our demonstration 
fields was harvested using a combine 
with a yield monitor. Yields are 
adjusted to 15% moisture content for 
corn, 13% for soybean and pea, and 
13.5% for wheat. The winter wheat trial 
was planted and harvested using 
small-plot equipment. 
 
Lab analysis for grain quality 
was also measured for each crop and 
reported on a dry matter basis. 
 
 Net economic return was 
calculated using local market prices for 
each crop at harvest including loan 
deficiency payment, if any. The federal 
loan rate was used to price field pea in 
2005 and $4/bu in 2004. Price was 
multiplied by standard grain yield less 
variable expenses for actual inputs 
used and field operations performed 
(Commercial Field Operation Survey, 
SD Ag Statistics Service, 2004) without 
considering fixed or other variable 
costs.  
 
Additional management 
information is summarized in Table 1.  
 
RESULTS AND DISCUSSION  
 
 All four crops have been raised 
for one year in the west field. Each 
crop has been planted in the east area, 
but our second winter wheat harvest is 
still pending. Enough information has 
been gathered to evaluate a C-S-P 
rotation in both fields and summarize 
winter wheat performance in the west 
field.  
 
Annual precipitation and 
growing degree units were generally 
near normal, with wetter than normal 
growing seasons when averaged 
across the four years reported (Table 
2). Precipitation was below normal in 
2002, but above normal in 2003 and 
2005. Heat units during the growing 
season were below normal in 2004 and 
above normal in 2005. Weather 
conditions were quite mild during the 
winter and spring precipitation was 
151% of normal in 2005. 
 
Soils in these areas were rarely 
limited for the fertility responses 
measured (Table 3). They had neutral 
pH, low salt concentrations, very high 
potassium levels, medium to very high 
levels of phosphorus, and relatively 
high residual nitrogen levels before 
planting corn and wheat. Livestock 
manure was last applied to these fields 
in 1996/1997 (east fields) and 1999 
(west field). Lab results indicated that 
only nitrogen fertilizer was needed for 
corn.  
 
Agronomic and economic 
responses measured for all crops 
harvested to date are summarized in 
Tables 4 through 6.  
 
 
2005 Cool-Season Annuals 
 
Both winter wheat and field pea 
emerged and matured well. Winter 
wheat performance was average even 
with moderate disease pressure. Even 
though field pea did very well in 2004 
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and as a component in a C-S-P 
rotation when averaged for two years, 
heavy spring rains and a moderately 
low plant population caused it to 
perform poorly in 2005.   
 
Winter Wheat 
 
 Winter wheat in our field 
demonstration averaged 33 inches tall 
and produced 96 tillers/ft2. It yielded 40 
bu/ac at harvest with 12% moisture 
content, 55 lb/bu test weight, and 15% 
dry matter protein concentration in the 
west field for 2005 (Table 4). Marketing 
this crop resulted in a net economic 
return of $50/ac available for fixed and 
other variable expenses. 
 
 Average grain yield in the winter 
wheat nursery was 24 bu/ac and test 
weight was very light (Table 5).  The 
soft red variety Kaskaskia yielded as 
well as or better than the hard red 
varieties in this environment.  Among 
hard red varieties Millennium and 
Harding out yielded Expedition and 
Wesley. 
 
Winter wheat usually matures 
early enough to avoid problems with 
wheat scab, but weather conditions 
this summer were favorable for head 
scab development in this field. As a 
result, approximately 19% of the 
kernels examined in our demonstration 
field showed symptoms of this disease, 
and probably caused the dramatic 
reduction in test weights measured in 
our winter wheat nursery. Minor 
lodging was also observed (1 to 10%) 
in some parts of the field. 
 
The variety Wesley, established 
a couple of weeks later and at a lower 
seeding rate in the winter wheat 
nursery, yielded 15 bu/ac, or about 
35% of our whole-field average for this 
field. Yield for the soft red variety was 
nearly comparable to that observed in 
our larger field (36 vs. 40 bu/ac). 
 
Good winter wheat stands were 
also established in the east field this 
fall and are scheduled to be harvested 
in 2006. 
 
Field Pea 
 
  Stands appeared a little thinner 
but weed control seemed better in 
2005 than peas grown the previous 
year. Standing water severely stunted 
pea plants in some low lying areas 
even though the landscape position is 
a relatively level upland side slope.  
Plants averaged 24 inches tall where 
stands were good and lodging was a 
concern in some parts of the field. 
Population was low in many areas of 
the field averaging 220,000 plants/ac. 
 
Peas growing in slightly 
elevated areas yielded nearly 30 bu/ac, 
but only averaged 6 bu/ac in the wetter 
parts. The overall yield averaged 14 
bu/ac in 2005. Grain had 14.7% 
moisture, with 64 lb/bu test weight, and 
22% dry matter protein.  
 
Raising pea was not profitable 
in 2005. Gross income was only 
$70/ac, even with a LDP payment - not 
enough to even recover input costs. 
Subtracting expenses for inputs and 
field operations resulted in a net 
economic loss of $53/ac.   
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C-S-P Rotations 
 
 A three-year C-S-P rotation was 
generally successful for the conditions 
associated with this demonstration. All 
crops were easily established and 
harvested each year, except for a few 
weedy patches in 2004 and some 
lodged areas in 2005 that were difficult 
to harvest in the pea fields. 
 
As a whole, yields were 
generally good and revenue usually 
provided positive net economic returns. 
Pooled results of these three crops 
from both fields showed that average 
corn yield was 150 bu/ac and soybean 
and field pea averaged 35 to 40 bu/ac 
(Table 6).  Corn and soybean phases 
both produced $106/ac whereas field 
pea had $68/ac in net economic return 
for a pooled average among all crops 
of $93/ac. 
 
However, the performance of 
these crops differed dramatically 
between the east and west areas 
(Table 4). The west area was nearly 
twice as profitable as the east area, 
even though the total amount of grain 
produced during the three years shown 
for each field was comparable.  
 
In the west field, pea yield was 
above normal while corn and soybean 
yields were average or lower and all 
three crops had a positive net 
economic return. Field pea was by far 
the most profitable crop at $190/ac, 
followed by corn at $104/ac, and then 
soybean at $81/ac. The overall  net 
economic return average among the 
three crops in this field was $125/ac. 
 
Yield responses were reversed 
in the east field. Here corn and 
soybean yields were above normal, but 
pea yielded poorly. Soybean had the 
highest net economic return of 
$131/ac, followed by corn at $108/ac, 
whereas field pea lost $54/ac. As a 
result the combined economic return 
associated with the three crops in the 
east field averaged $62/ac. 
 
Another factor was market 
prices which happened to be 
consistently higher when selling crops 
from the west field. Loan deficiency 
payments were available at around 
$1.45/bu for field pea both years, 
$0.30/bu for soybean in 2004, but not 
obtained for corn either year.   
 
Variation associated with yield 
tended to be more stable for soybean, 
intermediate for corn, and less stable 
for field pea based on standard 
deviations (Table 6).  Net economic 
return, however, was the most stable 
for corn, intermediate for soybean, and 
quite variable for field pea. 
 
Dry matter protein levels in our 
demonstration fields were 40% for 
soybean (2003), 23% for field pea, 
15% for winter wheat (2005), and 10% 
for corn.  Test weights were generally 
good for corn, soybean, and field pea, 
but disease pressure caused low test 
weight for winter wheat produced here 
in 2005. 
 
Crop leaf canopy for peas is 
thinner and competes less with weeds 
than the canopies associated with 
many other crops. Therefore, it is 
important to use high seeding rates to 
help ensure an adequate population of 
field peas, especially when raising 
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semi-leafless varieties. Herbicide 
recommendations for pulse crops are 
also available for our area (Deneke, et 
al., 2006). 
 
SUMMARY   
 
This study tracks the feasibility 
of using a cool-season pulse crop to 
help transition from a warm season 
two-crop rotation to a more diverse 
four-crop system that includes a winter 
annual grain crop in southeast South 
Dakota. Both field pea and winter 
wheat seem to have good potential to 
help diversify C-S rotations in 
southeast South Dakota. Crops 
managed in a C-P-S rotation produced 
a positive net economic return 83% of 
the six site years tested from 2002-
2005.  
 
Wet weather after spring 
planting in 2005 severely stunted field 
pea in low lying areas and caused a 
moderately high level of Fusarium 
head scab disease in winter wheat. 
Even with wheat scab, it performed 
better overall than field pea when 
spring precipitation was 150% of 
normal. As a result the partial net 
economic return gained from winter 
wheat nearly equaled losses 
associated with peas in 2005.  
 
 Preliminary performance of a 
soft red winter wheat variety also looks 
promising at our location.  
 
 Based on these results we plan 
to begin incorporating field peas into 
our long-term tillage and crop rotation 
experiments and continue testing 
winter wheat and field pea varieties at 
our location.  In 2006 we plan to 
complete the crop enterprise phase of 
this project by summarizing winter 
wheat performance in the east field 
and discussing the overall results of C-
S-P-WW rotations in these fields. Grain 
quality results for each site year and 
whole farm analysis based on all site 
years from 2002 to 2006 can also be 
discussed. Results should be available 
from our swine feeding trials using 
2004 field pea in our hoop and 
confinement barns. 
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Table 1.  Management practices for crop rotation demonstrations with field pea and winter wheat. 
                Southeast Research Farm; Beresford, SD; 2002-2005. 
Field1 2-3 (west) 2-14 / 2-15 (east) 
Year 2002 2003 2004 20052 2003 2004 2005 
Crop Corn Soybean Pea Winter Wheat Corn Soybean Pea 
Previous Crop Soybean Corn Soybean Pea Soybean Corn Soybean 
Variety / Hybrid Pioneer 34K78 Garst 2612 Toledo Wesley 
Pioneer 
34M95 & 
34K78 
Prairie Brand 
2141 Salute 
Traits3
(Relative Maturity) YG (108 day) RR/N (2.6) 
Green seed 
semi leafless Hard Red YG (108 day) RR (2.1) 
Yellow seed 
semi leafless 
Tillage System4 NT NT NT AT RT RT NT 
Planting Date May 4, 2002 May 29, 2003 Apr 5-6, 2004 Sep 13, 2004 Apr 29, 2003 May 18, 2004 Apr 4, 2005 
Seeding Rate; 
seeds/acre 27,900  
160,000  
(64 lb/ac) 
364,400  
(200 lbs/ac) 
 1,404,700 
(110 lb/ac) 27,900  
160,000 
(64 lb/ac) 
250,720 
(120 lb/ac) 
Fertilizer 
(N-P205-K20, lb/ac) 153-32-0 None None None 
103-0-0 /  
85-0-0 None None 
Herbicide5
Harness+Clarity
+ Atrazine+ 
Roundup (PRE); 
2,4-D Amine 
(POST) 
Python+Dual+ 
Roundup  
(PRE); 
Roundup 
(POST) 
Roundup+ 
Dual (PRE);  
Roundup 
(AH) 
Roundup 
(AH) 
Steadfast+  
Callisto 
(POST) 
Roundup 
(POST) 
Roundup+Dual 
+Pursuit (PRE); 
Roundup (AH) 
 Insecticide none Asana none none none Warrior none 
Harvest Date Oct 4 & 31, Nov 4, 2002 Oct 16, 2003 July 23, 2004 
July 8 - 12, 
2005 Oct 14, 2003 
Oct 8 - 13, 
2004 
July 7 - 11, 
2005 
  
12-3 = 15 acres (35 acres in 2002); 2-14 = 6 acres; 2-15 = 8 acres  
2For the winter wheat variety experiment: Hard and soft red varieties listed in Table 5 were  
    planted September 29, 2004 at 72 lb/ac with starter fertilizer, and harvested July 11, 2005. 
3YG = Yield Guard; RR = Roundup Ready; N = Soybean cyst nematode tolerant 
4NT = No Tilll; AT = Aerway Tillage; RT = Reduced Tillage 
5PRE = pre-emerge; POST = after emergence; AH = After Harvest 
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Table 2.  Climate summary for crop rotation demonstrations with field pea  
and winter wheat. Southeast Research Farm, Beresford, SD; 2002-2005. 
Year 2002 2003 2004 2005 
Precipitation, inches     
Avg1 
(std dev) 
Annual 22 27 26 29 26 (3) 
% of normal 88 108 101 114 103 (11) 
     
Growing Season2 17 23 20 21 20 (3) 
% of normal 90 125 105 112 108 (15) 
     
Growing Degree 
Units3  (GDU)  3,149 3,044 2,950 3,226 3,092 (121) 
% of normal 98 95 92 107 98 (7) 
  1Average and (standard deviation) based on four observations 
  2April through September 
  3Row crop basis 
 
 
 
Table 3.  Soil test1 summary for crop rotation demonstrations with field pea and winter  
               wheat. Southeast Research Farm; Beresford, SD; 2002-2006. 
Field 2-3 (west) 2-14 / 2-15 (east) 
Year 2002 2005 2003 2006 
Pooled 
Crop Corn Winter Wheat Corn 
Winter 
Wheat Corn 
Winter 
Wheat 
Pooled 
Date Sampled Fall, 2001 
Summer, 
2004 
Fall, 
2002 
Summer, 
2005 
Fall Avg2
(std dev) 
Summer Avg2 
(std dev) 
Avg3 
(std dev) 
pH 7.2 7.4 7.1  7.2  7.1 (0.1) 7.3 (0.1) 7.2 (0.1) 
Olsen P, ppm 40 9 15  28  28 (18) 12(4) 20 (14) 
K, ppm 384 539 373  307  379 (8) 423 (164) 401 (98) 
salts, mmho/cm 1.0 0.6 0.7  1.0  0.9 (0.2) 0.8 (0.3) 0.8 (0.2) 
N03-N, lb/ac 73 121 73  76  73 (10) 99 (32) 86 (24) 
1Depths = 0-6 inches, except 0-24 inches for N03-N 
2Average and (standard deviation) based on two observations  
3Average and (standard deviation) based on four observations 
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Table 4.  Agronomic and economic performance for crop rotation demonstrations with  
   field pea and winter wheat by field.  Southeast Research Farm; Beresford, SD; 2002-2005. 
Field (area) 2-3 (west) 2-14 / 2-15 (east) 
Year 2002 2003 2004 2005 2003 2004 2005 
Crop Corn Soybean Pea 
Avg1
(std dev) Winter 
Wheat Corn Soybean Pea 
Avg1
(std dev) 
Grain Yield, bu/ac 135 31 55 74 (55) 40 165  46  14 75 (80) 
Field Moisture, % 19.1 8.8 12.9 13.7 (5.6) 11.3 18.2  12.2  14.7 15.0 (3.0) 
Test weight, lb/bu 57 58 56 59 (3) 55 60 --- 64  62 (3) 
Protein, %2 11.7 40.0 25.0 25.4 (14.4) 15.0 8.6  --- 22.2  15.4 (9.6) 
Price, $/bu3 2.20 6.42 4.00 4.21 (2.12) 3.10 1.83 4.65  3.62 3.37 (1.43) 
LDP, $/bu4 0.00 0.00 1.49 0.50 (0.86) 0.00 0.00  0.30  1.41 0.57 (0.74) 
Gross Receipts, $/ac 297 199 302 266 (58) 124 302  226  70 199 (118) 
Input Costs, $/ac 123 73 75 90 (28) 21 107  41  80  76 (33) 
Field Operations, $/ac 70 45 37 51 (17) 52 86  55  42  61 (23) 
Net Economic  
Return, $/ac5 104 81 190 125 (57) 51 109  131 -54 62 (100) 
      1Average and (standard deviation) based on three observations, except two observations for test weight and protein in the east area 
  
 2100% dry matter basis  
 3At harvest (local) 
 4LDP = Loan Deficiency Payment 
 5Partial budget without fixed costs 
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Table 5.  Performance of hard and soft red winter wheat varieties 
         at Southeast Research Farm, Beresford, SD; 2005. 
Cultivar Grain Yield Test Weight 
 bu/ac lb/bu 
Millennium 31 53 
Kaskaskia1 36 51 
Harding 26 51 
Expedition 13 52 
Wesley 15 48 
Mean 24 51 
CV%2 17 4 
LSD 0.053 8 4 
1Soft red variety 
2CV = Coefficient of variation 
3LSD = Least significant difference (at 95% probability level) 
 
Table 6.  Agronomic and economic performance for crop rotation demonstrations with 
                  field pea and winter wheat (fields pooled). Southeast Research Farm;  
                  Beresford, SD; 2002-2005. 
Field Pooled 
Year 2002-2003 2003-2004 2004-2005 
Crop Corn Soybean Pea 
Pooled  
 Avg
1  
(std dev) 
Avg1 
(std dev) 
Avg 1 
(std dev) 
Avg2
(std dev) 
Grain Yield, bu/ac 150 (21) 39 (11) 35 (29) 74 (61) 
Field Moisture, % 18.7 (0.6) 10.5 (2.4) 13.8 (1.3) 14.3 (3.9) 
Price, $/bu3 2.02 (0.26) 5.54 (1.25) 3.81 (0.27) 3.79 (2.10) 
LDP, $/bu4 0 (0) 0.15 (0.21) 1.45 (0.06) 0.53 (0.69) 
Gross Receipts, $/ac 299 (3) 213 (41) 186 (164) 233 (91) 
Input Costs, $/ac 115 (12) 57 (23) 78 (4) 83 (29) 
Field Operations, $/ac 78 (11) 50 (7) 40 (4) 56 (19) 
Net Economic  
Return, $/ac5 106 (3) 106 (35) 68 (173) 93 (81) 
    1Average and (standard deviation) based on two observations     
    2Average and (standard deviation) based on six observations  
    3At harvest (local) 
    4LDP = Loan Deficiency Payment 
    5Partial budget without fixed costs 
 
 
 
 
CROP NUTRIENT MANAGEMENT USING MANURE FROM 
RATIONS CONTAINING DISTILLERS GRAIN 
  
R. Gelderman, J. Gerwing, R. Berg, B. Rops,  
A. Bly, and T. Bortnem 
 
PLANT SCIENCE 0509 
 
 
INTRODUCTION: 
 
 The rapid growth of the ethanol industry 
in South Dakota has a benefit of producing 
large amounts of a feedstuff in the form of 
distillers’ grain.  Utilization of the wet distillers 
grain (WDG) may lead to concentrated animal 
feeding operations (CAFOs) near the ethanol 
plants.  Feeding of dry distillers grain (DDG) 
could lead to more feeding operations 
(especially ruminants) through out the state. 
 Distillers’ grain is essentially corn with 
the starch removed resulting in a higher 
concentration of phosphorus (P) when 
compared to the original grain.  Research has 
shown as dietary P increases above the 
animals P needs, excreted P increases.  
Therefore, manure from animal diets utilizing 
distillers’ grain may be higher in P. 
 Manure has been shown to be an 
excellent source of plant nutrients.  However, 
over application of manure near some CAFOs 
can lead to ground water (nitrate-N) and 
surface water (P) contamination.  South 
Dakota has regulated land application of 
manure from CAFOs for a number of years 
based on crop nitrogen needs.  Since the ratio 
of N to P in manure is much narrower than in 
grain, this can lead to over application of P 
because more P will be applied than is needed 
by the crop.  Recently (December, 2002), the 
EPA has directed states to also consider P 
management in land application of manure. 
 There is a need to agronomically 
evaluate the SD Department of Environment 
and Natural Resources (DENR) rules 
(February, 2003) pertaining to manure 
application rates that are based on nitrogen 
and phosphorus.  The producer needs to be 
assured that these rates will not limit yields 
when compared to commercial fertilizer 
application.  In addition, buildup of soil nitrate-
N and soil test P needs to be monitored.   
 
  Purpose- To agronomically evaluate rates of 
distiller’s grain derived manure based 
on nitrogen and phosphorus crop 
needs. 
  Objectives: 
1) To determine if manure rates 
applied according to rules set by the 
SD DENR for CAFOs meet crop 
nutrient needs (grain yield and crop 
growth) as compared to commercial 
fertilizer. 
2) To compare P buildup rates when 
manure is applied according to 
either the N or P needs of the crop. 
3) To compare nitrate-N carryover 
from manure and commercial 
fertilizer. 
 
METHODS: 
 
 Two field sites were established to 
evaluate the study objectives. A site is located 
on an Egan soil just south of the office building 
at the Southeast Farm near Beresford on 
which beef feedlot manure was applied. The 
other site is located on the east Agronomy 
Farm at Brookings on Vienna-Lamoure soils 
(Range D-1) on which daily-scrape solid dairy 
cow manure was applied.  
 Beginning soil tests can be found in 
Table 1. The P soil test from the P manure 
treatment was used to calculate the manure 
needed for that treatment. If the P soil test is 
high enough where no P recommendation 
would be made, the average crop P removal 
was used to calculate manure P rate. Similarly, 
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the nitrate-N soil test from the N manure 
treatment was used to calculate the manure 
needed for that treatment. Both the P and 
nitrate-N soil tests were used from the fertilizer 
treatment to make the phosphate and N 
recommendations for the fertilizer treatment. 
 
 The manure was applied on October 
26, 2004 and incorporated with a disc within a 
few hours at the Beresford site and applied on 
November 16, 2004 and incorporated with a 
disc after five days at Brookings.  The analysis 
of the beef feedlot manure and the dairy barn 
manure are given in Table 2.  The treatments 
established and nutrients applied are listed in 
Table 3. Treatments were arranged in a 
randomized complete block design with four 
replications. 
 At Beresford, Dekalb DKC 58-80 RRYG 
corn was planted on April 27 in 30 inch rows. 
Harvest was completed with a plot combine on 
October 21. At Brookings, Producers Hybrid 
PH150RR was planted in 30 inch rows on May 
23. Harvest was completed with a plot combine 
on October 3. 
 
RESULTS: 
 
 Previous manure applications for the N 
and 2N treatments have increased most soil 
tests over the other treatments (Tables 1 and 
4). Corn yields at Beresford were lower than 
normal because of water stress in July and 
August. The N manure treatment was 
significantly higher than other treatments 
(Table 3). This result can not be explained 
agronomically and may be due to one 
exceptionally high replicate yield result.  The 
check treatment yield at Beresford was 
significantly lower than other treatment yields.  
 Soybean grain yields were not 
significantly different due to applied treatments 
at the Brookings site (Table 3.).  This result is 
consistent with the soil tests found at this site 
(Table 1).  
 Post-harvest soil tests at both sites 
indicate increases in soil tests with the higher 
two rates of applied manure (Table 4). 
 
CONCLUSIONS: 
 
 A number of years will be needed to 
draw conclusions for each of the objectives.  
The first three year’s data indicate the manure 
rates were equivalent or higher than 
recommended fertilizer rates in producing grain 
yield.  
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Table 1.  Soil tests1 after second year of manure studies, 2005. 
Treatment O.M. NO3-N SO4-S Olsen P K Zinc pH salts 
--------------------------------------- Beresford site -------------------------------- 
 % -lb/ac in 2 feet- ------- ppm  -------  mmho/cm
Check 3.7 12 19 3 265 0.78 6.4 0.3 
Fert 3.5 11 13 7 227 0.72 6.2 0.3 
P 3.7 15 31 6 278 1.15 6.2 0.3 
N 3.7 25 60 20 286 2.02 6.4 0.3 
2N 3.7 49 61 35 421 1.84 6.6 0.3 
------------------------------------------ Brookings site ----------------------------------- 
Check 3.0 34 53 23 135 1.36 7.9 0.3 
Fert 2.9 42 63 19 133 1.45 7.7 0.3 
P 2.9 36 89 22 147 1.53 7.9 0.3 
N 3.2 68 81 38 199 2.26 7.9 0.3 
2N 3.3 63 81 48 223 2.53 7.9 0.3 
1 Samples taken 9/23/2004 at Beresford and 10/19/2004 at Brookings.
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Table 2.  Manure nutrient analysis for manure studies, 2005. 
  ------------- Manure1  (as-is-basis) ----------------- 
Analysis units Beef (from apron) 
Dairy (daily scrape with straw 
bedding) 
Total N lb/ton 28.5 14.0 
Ammonia-N2 lb/ton 3.1 (2.8) 2.8 (2.5) 
Organic-N3 lb/ton 25.4 11.2 
Total Available-
N4
lb/ton 15.5 8.3 
P2O5 lb/ton 11.8 5.2 
K2O lb/ton 33.1 7.9 
Moisture % 57.9 77.8 
1 Applied and analyzed in fall, 2004. 
2 ( ) = available as incorporated 
3 Availability estimated at 33, and 50% for year 1, and subsequent years of application, respectively. 
4 (Organic N * 0.5) + available ammonia N. 
 
Table 3.  Treatments, nutrients applied and influence on grain yields, 2005. 
Treatment 
Manure 
applied1
Manure N-
P2O5-K2O 
applied 
Fertilizer N-
P2O5-K2O 
applied 
Grain 
Yield 
 ton/ac  ---------------- lb/ac--------------- bu/ac 
------------------------------ Beresford site  (corn) --------------------------- 
check 0 0-0-0 0-0-0 88 c* 
Fertilizer 0 0-0-0 129-0-0 109 b 
Manure – P2   5.5 85-65-182 41-0-0 102 b 
Manure – N3   7.0 109-79-231 0-0-0 121 a 
Manure - 2N4 14.0 218-158-462 0-0-0 105 b 
LSD    12.0 
Pr>F    0.003 
C.V.%    7.8 
-------------------------  Brookings site  (soybean) ------------------------------ 
check 0 0-0-0 0-0-0 59 a 
Fertilizer 0 0-0-0 0-0-0 59 a 
Manure – P2   7.7 63-40-60 0-0-0 60 a 
Manure – N3   18.7 155-98-147 0-0-0 61 a 
Manure - 2N4 37.4 310-196-294 0-0-0 61 a 
LSD (0.05)    2.7 
Pr>F    0.34 (NS) 
C.V.%    3.0 
1 Applied fall 2004 
2 P manure rate based on P recommendation from soil test or on P removal from crop, which ever is 
greater.  
3 N manure rate is based on N requirement of 1.2 lb/bu for corn or 3.8 lb/bu for beans minus soil test 
nitrate-N and legume credit. 
4 2N manure rate of twice the N rate above.  
* Yields followed by different letters are significantly different at the 0.05 level. 
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Table 4.  Soil tests1 after third year of manure studies, 2005. 
Treatment O.M. NO3-N SO4-S Olsen P K Zinc pH salts 
--------------------------------------- Beresford site -------------------------------- 
 % -lb/a in 2 feet- ------- ppm  -------  mmho/cm
Check 4.0 44 22 4 289 1.17 6.5 0.4 
Fert 4.0 184 24 14 260 0.97 5.9 0.4 
P 4.2 100 30 20 416 2.80 6.4 0.4 
N 4.4 120 40 25 481 2.80 6.7 0.4 
2N 4.5 180 80 60 833 3.87 6.8 0.6 
------------------------------------------ Brookings site ----------------------------------- 
Check 3.1 48 68 19 158 1.31 7.7 0.4 
Fert 3.0 56 74 21 153 1.28 7.7 0.4 
P 3.2 36 98 23 170 1.24 7.9 0.5 
N 3.4 56 76 45 134 2.21 7.9 0.4 
2N 3.2 74 90 45 248 2.46 7.8 0.4 
1 Samples taken 10/26/2005 and 11/01/2005 for Beresford and Brookings, respectively. 
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HOW NEAR TO THE CORN ROW CAN NITROGEN 
FERTILIZER SAFELY BE PLACED? 
 
R. Gelderman, A. Bly, and J. Gerwing  
 
                                  PLANT SCIENCE 0510 
 
 
 Common nitrogen fertilizers (urea, 
UAN) can form ammonia and have a high 
salt index – both effects can be detrimental 
to seed germination.  It has long been 
recognized that these fertilizers should not 
be placed in contact with the seed because 
of these detrimental effects.   
 Some producers are applying large 
amounts of band applied N and P with air 
units while planting corn.  Their goal is to 
have plants make satisfactory use of P 
while keeping the nitrogen at a safe 
distance to prevent germination damage.  
Other producers have been applying large 
amounts of fertilizer (N, P, K) in strip-till 
bands and planting directly over the fertilizer 
band.  In both cases, the question becomes 
“how close is too close?” in placing nitrogen 
near the seed. The objective of these 
studies is to answer how near to the seed 
can N fertilizer safely be placed.   
 
METHODS: 
 
 Two sites were established to 
answer the above question.  One site was 
located at the Southeast Research Farm 
near Beresford and another near Bushnell, 
SD in Brookings Co.  Some selected 
properties at each site are found in Table 1.   
 Treatments consisted of five N rates 
(0, 30, 60, 90, and 120 lb N/ac); two 
nitrogen sources (urea-dry, UAN-liquid); and 
five placement distances (0”, 1”, 2”, 3”, and 
4”) from the row.  The N was placed directly 
in the seed furrow in the 0” treatment.  
Other placement distances were achieved 
by placing the fertilizer horizontally from the 
seed (same depth as seed) with single disc 
fertilizer openers fitted with both liquid and 
dry fertilizer tubes behind the shank.  Plot 
size was 5’ (2 rows) by 40’.  Plots were 
arranged in a split-split plot design with four 
replications.  Fertilizer was the main plot, 
distance the first split, and rate of N was the 
final split.  A non-limiting nitrogen 
application was applied for the entire plot to 
ensure grain yields were not affected by 
rate of N.   
 Measurements included plant 
emergence counts.  Plants were counted in 
two 10’ segments of row within each plot. If 
any part of the plant was seen above the 
soil surface it was counted as emerged.  
Counts began when emergence had just 
started and continued every 2-3 days until it 
was judged that all plants had emerged.  
Only the final stand count is presented here.  
Grain yields were also measured. 
 
RESULTS – Beresford site: 
 All treatment factors and their 
interactions significantly impacted final plant 
stands at Beresford (Table 2).  Plant stands 
with the urea treatments were less than 
those with UAN (Table 3). This would be 
predicted as UAN has only 50% urea and 
thus lower capacity to produce ammonia 
compared to urea.  Average stands were 
decreased with rate of urea N fertilizer more 
than with UAN. The distance of N from seed 
decreased average stands at two inches or 
less for urea and one inch or less for UAN 
(Table 4). All rates of N decreased average 
final plant stand when placed at the 0” 
distance and at the 60 lb N/ac rate and 
greater for the 1” placement (Table 5). 
However, urea influenced plant stand at all 
rates when placed with the seed or at the 1” 
placement (Table 6). UAN decreased plant 
stand at 60 N/ac or greater at the 0” 
placement and at the 120 lb N/ac rate at the 
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1” placement.  Grain yields averaged about 
120 bu/ac.  The influence of treatment on 
yield (data not shown) was very similar to 
plant stand although fertilizer and the rate 
by fertilizer interaction were not significant 
(p>0.10).  The overall relationship of final 
population and grain yield is shown in 
Figure 1. 
     The results from this site indicate urea 
should not be placed any closer than 2 
inches from the seed whereas all but very 
high rates of UAN can be placed one inch or 
more away from the seed. 
 
RESULTS – Brookings County site: 
 All treatment factors and their 
interactions significantly impacted final plant 
stands at Brookings except for the three-
way interaction (Table 2).  Plant stands 
were slightly better at this site compared to 
Beresford.  Treatments did not influence 
stands as much at Brookings compared to 
Beresford.  However, the trends and 
conclusions are similar.  Grain yields at the 
Brookings site were very good averaging 
about 200 bu/ac.  The influence of 
treatments on yield (data not shown) was 
almost identical to that of plant stand. The 
overall relationship of final population and 
grain yield is shown in Figure 2. 
 
CONCLUSIONS: 
 
 UAN should be placed at least 1 
inch from the seed whereas urea should be 
placed at least 2 inches from the seed on 
medium or finer textured soils.  Similar 
results were found last year. 
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Table 1.  Site properties at the N rate by distance studies, 2005. 
Property ---------------  site  ------------------ 
 Beresford Brookings 
Tillage conventional conventional 
Soil texture silty clay loam  loam 
Previous crop soybean soybean 
Soil moisture at planting good good 
Planting date/variety/pop. 5/05/05/DKC 58-80/30,000 5/04/05/DKC 47-10/30,000 
Harvest / row length 10/11/05, 40’ 10/25/05, 40’ 
 
 
Table 2.  Significance of treatments and interactions on final plant stand, N rate by          
distance studies, 2005. 
 Beresford Brookings 
Factor Pr > F Pr > F 
Fertilizer 0.06 0.018 
N Rate 0.0004 0.0001 
Distance 0.0001 0.0001 
Fertilizer x rate 0.01 0.003 
Fertilizer x distance 0.027 0.003 
Rate x distance 0.0001 0.0001 
Fertilizer x rate x distance 0.0001 0.45(NS) 
C. V. % 16.0 11.8 
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Table 3.  Influence of N fertilizer and N rate on corn plant stand, 2005. 
Rate of nitrogen Urea UAN mean  
Lb N/ac   -----------------plants x 1000 = plants/ac  ----------------- 
------------------------------------------ Beresford ----------------------------------- 
0 29.8 29.8 29.8 
30 28.9 29.3 29.1 
60 25.5 28.5 27.0 
90 24.9 28.1 26.5 
120 22.1 25.7 23.9 
mean  26.3 28.3 --- 
---------------------------------------------------- Brookings -------------------------------------------- 
0 30.6 30.1 30.3 
30 29.5 30.2 29.9 
60 29.0 30.1 29.6 
90 26.9 29.4 29.3 
120 25.6 28.6 27.1 
mean  28.3 29.8 --- 
 
 
 
 
Table 4.  Influence of N fertilizer and distance from row on corn plant stand, 2005. 
Distance  Urea UAN mean  
inches from row   ---------------------plants x 1000 = plants/ac ----------------- 
---------------------------------- Beresford ---------------------------------- 
0 17.9 23.5 20.7 
1 22.9 29.5 26.2 
2 29.9 29.2 29.6 
3 30.3 29.4 29.9 
4 30.3 29.8 30.1 
-------------------------------------- Brookings ------------------------------------ 
0 26.9 29.3 28.1 
1 24.2 28.7 26.5 
2 29.9 30.3 30.1 
3 30.8 30.0 30.5 
4 29.8 30.4 30.1 
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Table 5.  Influence of N rate and distance from row on corn plant stand, 2005. 
  ---------------Distance from row, inches  ---------------- Rate of 
nitrogen 0 1 2 3 4 
lb N/ac   ---------------------plants x 1000 = plants/ac ----------------- 
----------------------------------------Beresford ------------------------------------ 
0 29.8 29.7 29.3 30.7 29.5 
30 26.1 29.3 29.9 29.6 30.5 
60 19.8 28.0 29.1 28.6 29.4 
90 18.6 23.5 29.9 30.3 30.4 
120 8.9 20.5 29.6 30.1 30.5 
-------------------------------------Brookings  -------------------------------- 
0 28.6 30.9 30.9 30.8 30.3 
30 29.5 29.6 29.6 29.8 30.7 
60 28.3 28.5 30.3 30.6 30.2 
90 28.2 23.4 29.7 30.8 29.5 
120 25.7 19.8 29.9 30.1 29.8 
 
 
 
Table 6.  Influence of N fertilizer, N rate, and distance from row on corn plant stand, 
               2005. 
  ----------------------------Distance from row, inches  ------------------------- 
 --0 --  --1 --  --2 --  --3 --  --4 -- 
Rate of 
nitrogen 
Urea UN Urea UN Urea UN Urea UN Urea UN 
lb N/ac ----------------------------------plants x 1000 = plants/ac ----------------------------- 
 ---------------------------------- Beresford ------------------------------------- 
0 30.1 29.6 29.8 29.6 29.8 28.7 30.1 31.4 29.4 29.6 
30 23.3 29.0 27.9 30.7 30.9 29.0 30.7 28.5 31.8 29.2 
60 12.9 26.8 27.2 28.7 29.6 28.5 28.7 28.3 29.0 29.8 
90 16.1 21.1 17.2 29.8 30.1 29.8 31.0 29.6 30.3 30.5 
120 6.9 10.9 12.4 28.5 29.2 30.0 31.1 29.0 30.9 30.1 
  ------------------------------------------Brookings----------------------------------------- 
0 28.3 29.0 31.8 30.1 31.8 30.1 30.9 30.7 30.1 30.5 
30 29.0 30.1 28.5 30.7 29.8 29.4 29.2 30.5 30.9 30.5 
60 27.4 29.2 26.6 30.5 29.8 20.7 31.4 29.8 29.8 30.5 
90 26.4 30.1 18.9 27.9 28.7 30.7 31.6 30.1 29.7 30.3 
120 23.3 28.1 15.0 24.6 29.2 30.7 31.1 29.0 29.2 30.5 
 
Figure 1.  Corn yields as influenced by plant stand, 
Beresford, 2005
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Figure 2.  Influence of corn population on grain 
yield, Brookings, Co. 2005
100
120
140
160
180
200
220
240
0 5 10 15 20 25 30 35
gr
ai
n 
yi
el
d,
 b
u/
a
times 1000 = plants/ac
 
 5
HOW FAR CAN BANDED PHOSPHORUS FERTILIZER BE 
PLACED FROM THE CORN ROW? 
 
R. Gelderman, A. Bly, and J. Gerwing  
 
 Plant Science 0511 
 
 
INTRODUCTION 
 
With the advent of strip-till, some 
producers are applying their phosphorus 
(P) in the fall with the strip-till operation 
from 4 to 6 inches below the soil 
surface.  When planting, the corn row is 
not always located directly over the 
previously applied fertilizer.  In addition, 
some growers are applying starter P 
fertilizer at planting.  However, because 
of interference of the fertilizer openers 
with the seed bed, some producers are 
moving the fertilizer openers away from 
the planting unit.  In both cases the 
distance of the P fertilizer may be more 
than the standard recommendation of a 
2 inch deep by 2 inch to the side of the 
row (2 x 2). 
 The objective of this study is to 
answer the question of “how far is too 
far” for banded P from the corn row by 
measuring P distance influence on early 
growth and grain yield. 
 
METHODS 
 
 To answer the above question, 
two sites were established; one at the 
Southeast Research Farm near 
Beresford, and the other near 
Brookings, SD.  Some selected 
properties of each site are found in 
Table 1.  Placement treatments of P 
included 2 x 2”, 2 x 4”, 2 x 6”, 2 x 10”, 
with the seed (0”), and a no P treatment.  
The P was placed relative to the seed 
by using single disk fertilizer openers 
fitted with both dry and liquid fertilizer 
tubes behind the shank.  The seed-
placed P treatment was applied directly 
in the seed furrow.  In addition, a P 
treatment was also placed three inches 
directly below the seed to simulate a 
strip-till application. Application rate was 
40 lb P2O5/ac as either a liquid (10-34-0) 
or dry (11-55-0) (MAP) treatment.  
Because of space limitations, only the 
10-34-0 was used at the Beresford site.  
Plot size was 10 ft. (4 rows) by 50 ft.  
Plots were arranged in a split-plot 
design with fertilizer as the main plot 
and distance as the split.  
Measurements included V9 plant weight 
(dry), plant height at V13, and grain 
yield. 
 
 
RESULTS – Beresford site 
 
 There was not a significant 
response from any of the measured 
parameters to treatment at this site 
except for V13 height.  However, the 
height differences were not consistent 
as to treatment and were considered 
random.  In addition, the site had a lot of 
variable early growth that was not 
related to treatment. 
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RESULTS – Brookings site 
 
 Early plant growth was increased 
the closer P was placed to the corn row 
at the Brookings site (Table 3).  Placing 
P with the seed significantly increased 
early growth as compared to the 2 x 2 
placement at this site.  Placing the P 
three inches directly below the seed 
produced early growth similar to the 6 
and 10 inch placements.   Plant height 
at V13 was also increased the closer the 
P was placed to the seed.  Treatment 
effects were similar to effects at the V9 
growth stage. 
 Grain moisture was about 0.4% 
less when P was placed with the seed 
compared to the 10 inch placement 
(Table 3).  
 The early growth differences did 
not translate into grain yield differences 
at this site (Table 3).  This result was 
similar to the 2004 data.  Fertilizer or the 
fertilizer x distance interaction did not 
influence response to any of the growth 
factors measured at this site.  This result 
was also similar to last year’s findings.  
CONCLUSIONS 
 
 Early corn plant growth was 
increased by placing P closer to the row 
or with the seed.  However, placing the 
P directly under the seed did not 
produce as much early growth response 
as did seed-placed P.  Fertilizer source 
of P was not critical for producing early 
growth response.  Corn grain yield was 
not influenced by P in any of the four 
studies over the two years even though 
soil test P was low at three of the sites. 
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Table 1.  Site properties at the P distance studies, 2005. 
Property ---------------  site  ------------------ 
 Beresford Brookings 
Tillage tilled tilled 
Soil texture silty clay loam silt loam 
Previous crop soybean corn 
P soil test, ppm 7 (low) 4-north (low), 11-south 
(med.) 
Planting conditions good good 
Planting date/variety 4/29/05 DKC 58-80 5/3/05 DKC 47-10 
Harvest date/row length 10/7/05, 50’ 10/21/05, 50’ 
 2
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Table 2.  Influence of distance of P band from corn row, Beresford, 2005. 
Placement V9 weight V13 height Grain 
moisture 
Grain yield 
 gms/6plant
s 
inches % bu/ac 
No P 205 72.4 15.9 131 
3” directly below seed 217 70.3 15.7 144 
2”  deep x 10” 205 72.0 15.5 134 
“       “         6”          198 68.0 15.8 125 
“       “         4” 214 71.8 15.6 134 
“       “         2” 225 72.1 15.5 136 
(in furrow)  0” 224 69.9 15.4 129 
L.S.D(.05) 33.0 2.6 0.56 17.1 
Pr> F     
        distance 0.44(NS) 0.0001 0.21(NS) 0.41(NS) 
 C.V.    %          10.4 5.4 2.4 8.6 
Sign. of P application no no no no 
           
 
           
 
Table 3.  Influence of distance of P band from corn row, Brookings, 2005. 
Placement V9 weight V13 height Ear moisture Grain yield 
 gms/6 plants inches % bu/ac 
No P 168 74.6 15.6 195 
3” directly below seed 187 76.6 15.3 194 
2”  deep x 10” 177 76.4 15.4 195 
“       “         6”          194 77.0 15.2 194 
“       “         4” 202 77.6 15.2 193 
“       “         2” 207 77.8 15.2 202 
(in furrow)  0” 228 79.0 15.0 197 
L.S.D(.05) 13.8 1.2 0.23 9.5 
Pr> F     
        Distance 0.0001 0.0001 0.006 0.49(NS) 
         Fertilizer 0.82(NS) 0.72(NS) 0.73(NS) 0.75(NS) 
         Dist. X Fert. 0.75(NS) 0.31(NS) 0.74(NS) 0.28(NS) 
 C.V.    %          6.7 3.7 1.0 3.3 
Sign. of P application yes yes yes no 
 
NITROGEN RATES FOR CORN 
 
R. Gelderman, J. Gerwing, and A. Bly 
 
PLANT SCIENCE 0512 
 
 
 
INTRODUCTION 
 
Nitrogen rates for corn are 
receiving renewed attention lately because 
of high nitrogen fertilizer prices.  
Environmental concerns with nitrate-N 
leaching, highlighted with the 
Conservation Security Program (CSP), is 
also having an impact in renewing 
questions about nitrogen rates for corn. 
Much of the recent work for corn N 
rates has been on corn following soybean. 
However, more corn on corn rotations are 
also being used because of favorable 
economics with this rotation. Little N 
calibration work has been done on corn 
following low residue, non-legume crops 
such as corn silage or sunflower. In 
theory, N rate needed for maximum 
economic corn yield may be less following 
these crops than following a high residue 
corn or small grain crop. Less N may be 
immobilized because of lower residue 
amounts that contain high C:N ratios.    
 The nitrogen rate for corn 
following soybean has always been found 
to be lower than for corn following corn.  
This so called ‘nitrogen credit’ given for 
soybean is actually a misnomer. It implies 
that the soybean crop has provided 40 lbs 
of N in the soil for the corn crop. In reality 
it just means that corn grown after 
soybean takes less N for maximum yield 
than corn following corn or following 
another high residue crop. The extra N 
needed for the corn after corn is probably 
needed for the microbes breaking down 
the low N residue.  In fact, we should 
probably base our N rates for corn when it 
follows soybean and add another 40 lbs 
for corn following a high residue crop.  
Much like we add another 30 lb N/ac if the 
tillage system is no-till or strip-till. 
 
 
Our objectives in this study are: 
1) to determine the maximum  
             economic N rate for: 
a)  corn following soybean 
b)  corn following corn 
c)  corn following corn (above  
ground residues removed)  
  
2) to measure and compare soil 
nitrate-N, total soil N and total soil carbon 
after each of the above rotations and N 
treatments. 
 
METHODS 
 
 One site was established on the 
north quarter of the Southeast Research 
Farm near Beresford (SERF) to answer 
the above objectives. The site consists of 
Egan silty clay loam soils which are deep 
well drained soils found in glacial till.  The 
slope is from 2-3%. Beginning soil tests 
are found in Table 1.    
Treatments consisted of seven 
rates of N (0, 30, 60, 90, 120, 150, and 
180 lb N/ac) as urea. These N rates are 
over laid on three rotations; corn on 
soybean, corn on corn, and corn on corn 
with above-ground residue removed. The 
experimental design is a split-strip with 
four replications. The N rates are the splits 
within each rotation strip.  Plot size is 15 
by 50 feet. The urea was broadcast with a 
Gandy air applicator on April, 19 2005. 
Rainfall of 0.24 inch was received within 8 
hours of application and another 0.98 
inches was received within 72 hours of 
application.   
For the initial year of 2005, the N 
rate treatments were applied only for the 
corn after soybean rotation. The other 
rotations will not be established until 2006 
since the entire plot area was soybean in 
2004. All other corn strips received a 
blanket N rate of 90 lb/ac.   
The plot area was field cultivated 
on April 26. Corn (Dekalb DKC 58-
80RR2/YG/Poncho) was planted at 30,000 
seeds/ac on April 28. Weeds were 
controlled as needed. Ear leaf samples 
were taken for N concentration on July 21.  
Grain harvest was completed by plot 
combining the four center rows- each 45 
foot in length. Soils were sampled (0-6 
inch, and 6-24 inch increments, 4 
holes/plot and composited by treatment 
over replicates) on Oct. 26. Stalks were 
chopped on Nov. 3. The low residue strips 
were raked and baled on Nov. 4. The 
whole plot area was disked on Nov. 7.   
  
RESULTS 
 
Available nitrate-N was considered 
low as is typical following soybean. Other 
soil tests were considered adequate 
(Table 1).  
 Rate of added N on corn after 
soybean significantly increased grain yield 
over the check (Table 2). The yields didn’t 
follow a typical response curve. Only the 
first 30 lbs of added N, which produced a 
14 bu/ac yield increase over the check, 
would have been profitable given $2.00/bu 
corn and $0.40/lb N (Table 2). Darker 
green color was evident during the season 
as N rate increased. Perhaps the ear leaf 
N concentration (analysis not yet done) 
will display a more typical response to 
added N than did grain yield. There was 
no trend with added N and grain moisture 
or grain test weight. 
 The residual nitrate-N after harvest 
was 24, 24, 24, 28, 44, 44, and 40 lb/ac in 
two feet for the 0, 30, 60, 90, 120, 150, 
and 180 lb N/ac rates, respectively. The 
small amount of carryover nitrate-N 
suggests nitrogen loss or movement 
deeper into the soil was possible. 
  These treatments will be repeated 
on the same plots for a number of years. 
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Table 1.  Soil tests from N on corn study, initial year, 2005, SERF. 
Depth NO3-N SO4-S OM Olsen P K Zn pH salts 
inches ----- lb/ac ----- % --------- ppm --------  mmho/cm
0-6 8 12 3.5 13 301 1.44 7.2 0.75 
6-24 21 34 --- -- --- ---- --- ---- 
 
Table 2.  Influence of rate of nitrogen on corn grain yield and profits. 
-- Net return when N price is: -- 
Rate of N Grain yield1 
Total return for 
each 30 lb of N2 $0.30/lb N $0.40/lb N 
Lb/ac Bu/ac, 15% $ $ $ 
0 116 -- -- -- 
30 130 28 19 16 
60 136 12 3 0 
90 134 -4 -13 -16 
120 142 12 3 0 
15 149 14 5 2 
180 154 10 1 -2 
1 Yield statistics: CV%=6.1, Pr>F for rate = 0.0001.   2 Assuming $2.00/bu corn 
SOIL TEST P AFTER 10 YEARS OF NO-TILL CORN AND 
SOYBEANS WITH BANDED AND BROADCAST P RATE 
APPLICATIONS AT THE SE RESEARCH FARM (0605). 
 
A. Bly, R. Gelderman, and J. Gerwing 
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INTRODUCTION 
 
The no-till farming system has 
gained popularity with the advent of new 
and improved equipment and especially 
roundup-ready crops.  Research 
concerning soil fertility production 
practices was not available when farmers 
started adopting no-till.  It was 
hypothesized that farmers using no-till 
would have to apply the non-mobile 
fertilizer nutrients, especially P, beneath 
the soil surface to maintain crop 
productivity.  A long-term no-till research 
project was initiated in 1994 to determine 
the influence of P application rates and 
methods on soil test P. 
 
METHODS 
 
In 1993, four P soil test levels (low, 
medium, high, and very high) were created 
in a field at the Southeast Farm near 
Beresford by applying the appropriate 
rates of P fertilizer. The P soil test levels 
were randomized in four replications to 
include four annual rates of banded and 
broadcast P (0, 20, 40, 60 lbs P2O5/ac).  
The broadcast P was only applied to a 
medium soil test level. The crop rotation 
was corn and soybeans. Corn planted in 
30 inch rows received the banded P 
application at 2 inches beside and below 
seed placement. Soybeans planted in 7.5 
inch rows received the banded P 
application with the seed. Broadcast P for 
both crops was applied immediately after 
planting to plots that measure 10 X 60 
feet. 
 
 
 
Composite soil samples (0-3, 3-6, and 6-9 
inch) from the four broadcast rates were 
taken annually after harvest with a hand 
probe (0.69 inch diameter). In addition 
each 0 banded rate from each soil test 
level was sampled. In 2005, wheat was 
no-till planted on the plots with no P 
fertilizer application in preparation for 
trench soil sampling. Trench soil samples 
were taken in August (2005) by using a 
gas powered landscape bed-edger fitted 
with a 1 inch wide blade/hammer. The 
bed-edger was adjusted to dig a trench six 
inches deep. Plywood was placed along 
side the trencher to catch all soil 
excavated from each trench. All plots were 
sampled by cutting a 10 foot trench 
perpendicular to crop rows and P band 
direction. About 2/3 of the soil from the 
plywood was placed in a bucket and mixed 
well before sub-sampling. Soil samples 
were dried, ground, sieved (2mm) and 
analyzed for P using the Olsen method. 
 
Olsen P results from the trench 
samples were compared to soil probe 
sample results obtained during the 
previous Fall (2004) after crop harvest.  
The objectives were 1) to compare hand 
probe to the trench method and, 2) 
determine the changes in soil test P due to 
treatment and time. 
RESULTS 
 
The relationship for the probe and 
trench samples obtained from the 
broadcast P rate and the 0 rate band plots 
was very good (Figure 1 and Table 1).  
The bed-edger trench might be a valid 
method for obtaining representative soil 
samples, especially where nutrient 
banding has occurred. 
 
Broadcast P rate significantly 
influenced soil test P across the 12 years 
of this study (Figure 2). The 40 and 60 lbs 
P2O5/ac broadcast P applications 
increased soil test P while the 20 lbs 
P2O5/ac rate maintained it. Soil test P for 
the 0 lb P2O5/ac rate decreased. 
 
Where no P had been applied for 
10 years all soil test P levels dropped, 
although there was yet a separation 
(Figure 3 and Table 2). The banded P 
application rates increased P soil test 
(Figure 3 and Table 2). All rates of P had 
higher P soil test when compared to the 0 
lb. P2O5/ac rate. Greater P soil test level 
decline occurred at greater initial soil P 
test levels indicating greater crop removal 
because of higher grain yields and / or 
higher P levels in the grain (not reported).  
It appears that low P soil tests were 
maintained with 20 lbs P2O5/ac. Medium 
and high levels were maintained with 40 
lbs. P2O5/ac, and very high with 60 lbs 
P2O5/ac.  Annual broadcast application of 
40 and 60 lbs P2O5/ac increased P soil 
test more than similar banded treatments 
over the study period. This response 
cannot be explained. 
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Table 1.  Influence of P rate, soil test level and soil sample method on 
Olsen P soil test at SE farm in 2005. 
 Soil Sample Method 
Annual Broadcast rateA Probe (fall 2004) Trench (fall 2005) 
lbs P205/ac Olsen P (ppm) 
   
0 3 4 
20 9 8 
40 18 18 
60 29 32 
   
   
Soil Test Level (banded checks)B   
   
Low 2 3 
Medium 2 3 
High 3 5 
Very High 5 8 
A applied each year from 1994 to 2004. 
B These categories were for 1994. 
 
 
Table 2.  Influence of P2O5 rate, application method and P soil test after 10 years of 
no-till corn and soybeans on final Olsen P soil test at the SE farm in 2005. 
       
   Final soil test (2005) 
   Annual P2O5 application rate 
Soil Test 
Level 
P Application 
Method 
Beginning soil 
test (1994) 0 20 40 60 
  ------------------------------ ppm P --------------------------------
Low band 5 3.3 5.1 9.3 14.9 
Medium band 8 3.0 6.0 9.0 14.7 
Medium broadcast 8 3.8 7.9 17.6 32.0 
High band 13 5.3 8.3 14.8 19.2 
Very High band 25 7.7 12.5 17.2 25.8 
 
 
 
Relationship of soil test Olsen P probe and trench sampling 
methods from P broadcast rate and P band 0 rate plots on long-
term no-till at SE farm in 2005.
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Influence of annual broadcast P2O5 rate on Olsen P soil test taken 
with hand probe at the South East Research Farm from 1994 to 
2005.
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Influence of initial P soil test, application method and rate on P soil test after 
10 years of No-till corn and soybeans at the SE farm in 2005.
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INTRODUCTION 
 
 Many opportunities for application of 
nitrogen occur during the year.  It can be 
applied from the fall after soybean harvest 
until side-dress when corn has six leaves.  
During this time, conditions for N leaching 
and/or denitrification can occur.  These 
losses reduce N availability to corn and 
may reduce yield potential.  A research 
project was initiated to measure the affect 
of N application timing on N availability to 
corn in a corn soybean rotation. 
 
MATERIALS AND METHODS 
 
 A site was selected on the Southeast 
Research Farm near Beresford SD.  Five 
application timings and a 0 N check were 
included in a randomized complete block 
plot design with four replications.  The 
intended N application timings were:  1) 
soon after soybean harvest (early fall = 
EF), 2) after soil temps cooled below 50 
degrees F (late fall = LF), 3) during March 
or April (early spring = ES), 4) immediately 
before planting (late spring = LS), or 5) 
when the corn was at the six leaf stage 
(side dress = SD).  Application dates for 
each timing treatment can be found in 
Table 1.  No Tillage was done after the LF 
and ES urea applications, but all plots 
were tilled after the EF and LS 
applications that prevented volatilization 
losses from those timings.  Urea was used 
for all treatments except the side dress 
treatment.  Ammonium nitrate was used in 
the side dress treatment to prevent 
volatilization losses since plots were not 
cultivated.  It was assumed that cool 
conditions during the LF and ES 
application times would minimize 
volatilization losses of N from these 
treatments.  The nitrogen rate for all 
timings was 140 pounds per acre.  The 
previous crop was soybeans.  Roundup 
ready corn was planted on April 28, 2005 
at 30,000 seeds/ac.  Plots were harvested 
with a field plot combine.  Soil samples 
were taken to a depth of 36 inches on 
June 14, 2003 from the check, EF and LS 
treatments.  Plot replications were 
composited for soil nitrate analysis.  
 
RESULTS AND DISCUSSION 
 
 Nitrogen applications increased corn yield 
from 77 bu/ac in the check to an average 
of 113 bu/ac for all N timing treatments 
(Table 1).  The time of nitrogen application 
had no influence corn yield. The lack of 
response to timing may indicate no loss of 
N by leaching, denitrification or 
volatilization from any of the treatments.  
However, since yield was only 113 
bushels due to early season wetness and 
late season drought, some loss of N may 
have occurred but had no effect on yield 
since there may have been enough N left 
to reach maximum yields. 
 
Soil samples taken on June 14 from the 
check, early fall and late spring treatments 
indicated most of the applied N (77%) was 
still available in the top 3 feet of soil (Table 
2) even though 12.56 inches of rain fell in 
April, May and the 1st two weeks of June 
(Table 3).  Leaching and denitrification 
likely did not occur during the period of 
heavy rainfall because soil remained cold 
after fall and spring applications, 
preventing conversion of ammonium N, 
which does not leach, to nitrate which 
does readily leach through soil.  In an 
adjacent study where nitrate carryover 
level was high in fall, nitrate leached 
deeper than three feet (see details in 
progress report “nitrogen management in 
a corn soybean rotation).  That is an 
indication leaching would have occurred if 
late fall or spring fertilizer applications 
would have converted to nitrate prior to the 
heavy rainfall period.  
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Table 1. N Application Timing Effect on Corn Grain Yield at the SD 
Research Farm, Beresford SD in 2005 
N Application Timing Date Corn Yield 
  Bu/ac 
Check None  77  a 
Early Fall (EF) 10/26/05 114  b 
Late Fall (LF) 11/19/05 113  b 
Early Spring (ES) 3/29/05 113  b 
Late Spring (LS) 4/27/05 112  b 
Side-dress (SD) 6/14/05 111  b 
   
Pr>F  < 0.01 
CV%  6.8 
LSD (.05)  11 
Table 2. June Soil Nitrate Levels from Nitrogen Timing Study, Beresford, 2005 
N Application1 Date Sample  
Depth None  10/26/05  4/27/05 
Inches ---------------------------------------lb NO3-N2-------------------------------------- 
0-12 26  57    81 
12-24 29  86  69 
24-36 23  41  38 
Total 78  184  188 
1140 lb N     
2sampled 6/14/2005 
Table 3.  Rainfall at the SE Experiment Farm, Beresford, Nov.1, 2004 to Oct.31, 2005. 
Nov Dec Jan Feb Mar Apr May  Jun Jul Aug Sept Oct  
----------------------------------------------------------inches----------------------------------------------------------- 
1.67 0.10 0.30 1.02 1.32 2.63 3.86 8.67 0.89 1.25 3.79 1.12  
FERTILIZER POTASSIUM, SULFUR, ZINC, PHOSPHORUS, 
BORON AND LIME EFFECTS ON CORN YIELD ON HIGH 
TESTING SOIL 
 
J. Gerwing, R. Gelderman, A. Bly, and R. Berg  
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INTRODUCTION 
 
 Some farmers in South Dakota are 
using phosphorus, potassium, sulfur, zinc, 
or lime on soils with high soil tests.  
Research by soil fertility staff at South 
Dakota State University during the last 30 
years has not shown consistent 
economical responses to these fertilizer 
nutrients or lime when soil test levels are 
high.  Therefore, the SDSU Soil Testing 
Lab does not recommend fertilizer nutrient 
application unless soil test levels are 
lower.  The studies reported here were 
established in 1988 and 1990 to determine 
the effects of each of these commonly 
used nutrients and lime on corn and 
soybean yields and soil test levels when 
applied to high testing soils. 
 
MATERIALS AND METHODS 
 
 Two experimental sites were 
established, one on the Southeast 
Experiment Farm near Beresford in 1988 
and another on the Agronomy Farm near 
the SDSU campus in Brookings in 1990.  
Fertilizer treatments have continued at 
each location on the same plots since 
establishment.  A corn-soybean rotation 
was followed at both locations.  Soybean 
was the 2005 crop. The soil at the 
Southeast Farm site is an Egan silty clay 
loam.  Egan soils are well drained soils 
formed in silty drift over glacial till.  The 
soil at the Brookings Agronomy Farm is 
classified as a Vienna loam.  Vienna soils 
are well drained medium textured loam 
and clay loam soils formed from glacial till.  
Both soils are typical upland soils for their 
respective areas in the state. Fertilizer 
treatments were 50 lbs K2O, 25 lbs sulfur 
(as gypsum), 5 lbs zinc (as zinc sulfate) 
and lime at both locations (Table 1).  In 
addition, the Brookings site had a 40 lb 
P2O5 treatment and the Beresford site a 
boron treatment (2 lb/ac). The fertilizer 
treatments were applied each spring since 
the establishment year (1988 at Beresford 
and 1990 at Brookings) on the same plots.  
An exception is the boron treatment at 
Beresford that was initiated in 1997.  Lime 
was applied only twice (1988 & 2003) at 
the SE Farm location and twice (1990 & 
1992) at Brookings.  Since soybean was 
the 2005 crop, no nitrogen was applied at 
either location.  All fertilizer treatments 
were broadcast and followed by either 
disking or field cultivation.   Herbicides 
were applied as needed at both locations.  
A randomized complete block design with 
four replications was used at both sites.  
Plot size was 15 by 65 feet at Beresford 
and 20 by 40 feet at Brookings.  A plot 
combine was used to harvest both 
locations. 
  
RESULTS AND DISCUSSION 
 
 Soil test results from soil samples 
taken before 2005 fertilizer applications 
are presented in Table 2.  Potassium soil 
tests were in the very high range at 
Beresford and Brookings.  Adding 50 lb/ac 
of K2O per year since 1988 at Beresford 
and 1990 at Brookings raised the K soil 
test by 75 and 39 ppm respectively. 
 The sulfur soil test in the check 
plots was medium at Beresford and low at 
Brookings.  Adding 25 lb/ac sulfur each 
year has had a residual effect, raising the 
soil test 44 lb/ac at Beresford and 30 lb/ac 
at Brookings.  
 The zinc soil test in the check was 
high at Beresford (0.96 ppm) and very 
high at Brookings (1.15).  Applying 5 lb/ac 
zinc each year raised the soil test to 9.20 
and 8.19 ppm at Beresford and Brookings 
respectively. 
 The lime treatments made during 
this study had residual effect on soil pH.  
The check pH at Beresford was 5.9 and 
where lime was applied it was 6.8.  At 
Brookings the check pH was 6.5 and limed 
treatments 6.7.   
 The phosphorus soil test level at 
the Brookings site was 11 ppm without the 
phosphorus applications.  The 40 lb/ac 
annual phosphorus applications raised the 
Olson soil test level to 37 ppm.  There was 
no phosphorus treatment at Beresford and 
all plots receive phosphorus as needed. 
 The 2 lb/ac boron treatment started 
at Beresford in 1997 raised the boron soil 
test from 0.71 ppm to 2.18 ppm.  The 
check soil test was in the high range 
(>0.50 ppm) and no boron would have 
been recommended. 
 Soybean yields averaged 37 
bushels per acre at Beresford (Table 3).  
No treatment significantly increased yield 
over the check.  At Brookings soybean 
yields averaged 58 bushels per acre 
(Table 4) and similar to Beresford, none of 
the treatments increased yield over the 
check.  Since soil tests were generally 
high for the nutrients tested at these 
locations, little or none of the nutrients in 
question would have been recommended 
and little or no response was expected. 
 Yield results and soil test levels 
from previous years for these two studies 
can be found in the SE Farm Progress 
Reports (1988-2004) and in the 1988-2004 
SDSU Plant Science Department 
Soil/Water Science Research annual 
report, Technical Bulletin Nos. 97 or 99. 
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Table 1.  Fertilizer Treatments, Fertilizer and Lime Demonstration, Beresford and Brookings, 
2005. 
 
 
 
Fertilizer Rates  
 Treatment 
 
Beresford1
 
Brookings2 
 
 
- - - - - - - - - - - - - - - lb/ac - - - - - - - - - - - - - - - - - 
 
Check 
 
0 
 
 
0 
 
Phosphorus (P2O5) 
 
-----3
 
40 
 
Potassium (K2O) 
 
50 
 
50 
 
Sulfur 
 
25 
 
25 
 
Zinc 
 
5 
 
5 
 
Boron 
 
2 
 
-----3
 
Lime 
 
-----4
 
-----5
 
1 Applied each spring, 1988-2005 except boron applied only since 1997. 
2 Applied each spring, 1990-2005. 
3 Not a treatment at this location. 
4 4000 lb and 3800 lb CaCO3 equivalent applied spring 1988 and 2003 respectively. 
52500 lb and 2400 lb CaCO3 equivalent applied spring 1990 and 1992 respectively. 
 
 
 
       1Sampled 10/26/04 
      2Sampled 10/22/05 
Table 2.  Soil Test Levels, Fertilizer and Lime Demonstration, Beresford and Brookings. 
 
 
Soil Test Level  
 
   
1Bere fords  Brookings2 
Soil Test 
    
Check Treatment  Check 
 
Treatment  
P
  
310 otassium ppm 235  183 222  
Sulfur, lb/A, 0 - 6 in 
  lb/A, 6 - 24 in 
24 
54 
 
 6 
18 
10 20 
24 24 
inc, ppm 0.964 9.204
 
  1.41 Z 16.6 
p H 5.9 6.8 6.5   6.7 
O lson Phosphorus, ppm 17 
 
-----   11 37 
B oron 0.71 
      3160 lb P2O5 applied 11/19/01 and 4/01/03 
      4Sampled 10/14/03 
 
 
 
2.18 
 
----- 
 
  -----   
44   40 N O3-N, lb/A 2 ft ----- -----  
3.4 
 
----- 3.5 O rganic Matter, % -----     
0.3 0.4 S alts, mmho/cm -----  -----  
 
 
 
 
Table 3.  Fertilizer Effects on Soybean Yield, Beresford, 2005. 
Fertilizer Treatment Yield  
 bu/ac  
Check 39  
Potassium 37  
Sulfur 36  
Zinc 39  
Boron 34  
Lime 38  
Prob of > F 
C.V. % 
LSD .05 
0.38 
9.8 
NS 
 
Table 4.  Fertilizer Effects on Soybean Yield, Brookings, 2005. 
Fertilizer Treatment 
 
Yield  
 bu/ac  
Check 58  
Phosphorus 60  
Potassium 57  
Sulfur 58  
Zinc 57  
Lime 59  
Prob of > F 0.52  
C.V. % 4.3 
LSD .05 NS 
        NITROGEN MANAGEMENT IN A CORN  
            SOYBEAN ROTATION 
 
J. Gerwing, R. Gelderman, A. Bly, and R. Berg  
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INTRODUCTION 
 
 There is increasing concern about 
the effects of nitrogen fertilizer on the 
environment, especially ground water 
quality.  This concern has been intensified 
by reports of NO3 - N of greater than 10 
ppm in several locations in eastern South 
Dakota, especially where aquifers are 
shallow and soils are very coarse.  In 
some instances, nitrogen fertilizer moving 
below the root zone has been implicated. 
 This nitrogen management 
experiment was established to study the 
effects of N rates in a corn-soybean 
rotation on nitrogen movement below the 
root zone. The typical rooting depth of 
corn, soybeans and wheat in South 
Dakota is four to five feet.  In most 
situations in South Dakota, if nitrogen 
moves below the root zone it stays there 
and only rarely moves back up.  
Therefore, once out of reach of crop roots, 
nitrate has the potential to move down to 
the groundwater with percolating water 
during wet periods. 
 
MATERIALS AND METHODS 
 
 This nitrogen management 
experiment was established on the 
Southeast South Dakota Experiment Farm 
near Beresford in 1988.  It is located on an 
Egan silty clay loam soil.  Egan soils are 
well drained soils formed in silty drift over 
glacial till. 
 Corn was planted on the site in 
even numbered years since 1988 and 
soybean was planted in the odd numbered 
years.  The rates and timing of nitrogen 
fertilizer applied to the corn in 2004 are 
listed in Table 1.  The treatments included 
a check (no N), the recommended rate 
applied in fall, spring or split between 
spring and 6 leaf stages and 200 and 400 
lb rates spring applied regardless of the 
previous soil test.  These treatments were 
applied to the same plots each year that 
corn was planted in the rotation.  The 
recommended rate was adjusted 
according to the NO3 - N soil test level and 
for credit given because of the previous 
years’ soybeans (1 lb N credit for 1 bushel 
beans).  The recommended nitrogen rate 
was 123, 62, 90, 95, 95, 110, 125, 90, and 
100 lb/ac respectively for the even 
numbered years 1988 through 2004.  
Nitrogen was broadcast as urea and 
immediately incorporated by tillage except 
the fall application was not incorporated 
until the following spring. The June portion 
of the split application was surface 
broadcast ammonium nitrate.  Ammonium 
nitrate was used for this treatment to 
prevent volatilization losses.  Years when 
soybeans were planted (odd numbered 
years) no nitrogen fertilizer was applied.  
Results reported here are from 2005 when 
soybean was the test crop.  No nitrogen 
fertilizer was applied to the soybeans.  
 Phosphorus, potassium and pH 
soil test levels at the site are 17 and 247 
ppm and 5.7 respectively.  One hundred 
sixty pounds P2O5 was broadcast in the 
fall of 2001 and spring 2003 as 0-46-0 to 
raise the phosphorus soil test.  A 
randomized complete block design was 
used on the experiment with four 
replications.  Plot size was 15 feet by 65 
feet.  Roundup ready soybean was 
planted in 30 inch rows after tillage with a 
disc.  No fertilizer was applied at planting.  
Four center rows from each plot were 
harvested with a plot combine.  Soil 
samples were taken to a depth of six feet 
in one foot increments on October 26, 
2005.  Only the 0, spring recommended 
(100 lb rate), 200 and 400 lb/ac N rates 
were soil sampled.  The 400 lb N rate 
treatment on corn in 2004 was also 
sampled to a depth of four feet on June 
14, 2005 to determine nitrate movement 
from heavy spring rains.    
  
RESULTS AND DISCUSSION 
 
 Soybean yields in 2005 ranged 
from 35 to 43 bu/ac (Table 2).  They were 
not significantly affected by the previous 
years nitrogen treatments even though 
carryover levels in the fall of 2004 were 
270 lb/ac in the top 2 feet of the 400 lb N 
treatment.  Over 12 inches of rain in May 
and June (Table 3), however, likely 
leached nitrate below the root zone before 
soybeans had an opportunity to use it.  
Nitrate soil tests taken in October and 
June on the high N treatment confirm the 
movement of N below the root zone (Table 
4 and 5).  The October, 2004 nitrate soil 
test in the 400 lb/ac N treatment showed 
278 lb/ac carryover in the top 2 feet of soil.  
The same treatment sampled on June 14, 
2005 showed only 64 lbs remained in the 
top 2 feet while the 4th foot increased from 
45 lb/ac to 172 lb/ac.    
  These plots will be rotated back to 
corn in 2006 and soil samples taken in the 
fall to a depth of 6 feet to determine 
carryover N levels and possible losses by 
leaching.  Corn and Soybean yields and 
soil tests from previous years of this study 
can be found in the Southeast Farm 
Progress Reports and in the Plant Science 
Dept Soil/Water Science Research Annual 
Reports. 
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Table 1.  Nitrogen Fertilizer Treatments Applied in 2004, Nitrogen Fertilizer Management Study, 
Beresford, SD. 
 
 
 
Time of Application 
   
Treatment Spring1 Split2
 
Fall3
 
No. 
 
------------------------------ lb N/ac ------------------------------ 
   
1 0 ----- 
 
----- 
   
2 100 ----- 
 
----- 
   
3 30 70 
 
----- 
   
4 ----- ----- 
 
100 
   
5 200 ----- 
 
----- 
   
6 400 ----- 
 
----- 
1 April 23, 2004 
2 June 17, 2004 
3 November 13, 2003 
Table 2.  Nitrogen Management Study Soybean Yields, SE Experiment Farm, Beresford, 2005 
      2004 Nitrogen                                                   2005 Soybean 
Time      Rate     Yield   
                         lb/ac  bu/ac   
Check 0    39   
Fall1 100    38      
Spring2 100    35      
Split3 100    39      
Spring 
Spring 
200 
400 
   41 
43 
  
Pr > F 
CV% 
 .08 
8.4 
      
 
LSD .05  NS   
1  Fall = 11/13/03 
2 Spring = 4/23/04 
 
 
3 Split = 30 lb 4/23/04, 70 lb 6/13/04   
 
 
Table 3. Rainfall at the SE Experiment Farm, Beresford, Nov. 1, 2004 to Oct. 31, 2005.                                
Nov1 Dec Jan Feb Mar Apr May  Jun Jul Aug Sept Oct 
----------------------------------------------------------------inches--------------------------------------------------------------- 
1.67 0.10 0.30 1.02 1.32 2.63 3.86 8.67 0.89 1.25 3.79 1.12 
 
 
Table 4.  Fall Nitrate Soil Test Levels, Nitrogen Management Study, Beresford, SD, 2004 - 2005. 
 
 
 
Fertilizer N Applied, lb/ac, even years, 1988 through 2004  
 
 
 
- - - - 0 - - - - 
 
 
 
Recommended1
 
 
 
- - - 200 - - - 
 
 
 
- - - 400 - - - 
 
Depth 
 
2004 
 
2005 
 
 
 
2004 
 
2005 
      
 2004 2005  2004 2005 
 
feet  - - -  - - - - - - - - - - - - - - - - - - - -  Soil NO3 - N, lb/ac2 - -- - - - - - - - - - - - - - - - - - - - - - - -  0 – 1 18 26 34 16  116 24  208 32 
 1 - 2 10 16  17 12 
 
 28 16 
 70 12  
 2 – 3 6 8  9 8 
 
 17 8 
 23 16  
 3 – 4 6 8  6 8 
 
 19 16 
 45 48  
 4 – 5 7 8  12 12 
 
 22 28 
 52 68  
 5 - 6 14 8  18 16 
 
 35 28 
 68 68  
 
1 Rates applied were 123, 62, 90, 95, 95, 110, 125, 90 and 100 lb N/a in spring of even years 1988 – 
   2004 respectively, yield goal 1988 – 1996 = 130 bu/a, 1998 – 2002 = 145, 2004 = 150. 
2 Soil sampling dates:  Oct 26, 2004, Oct 26, 2005. 
 
Table 5.  Nitrate Soil Test Level for the 400 Pound Nitrogen Treatment, N 
Management Study, Beresford, 2005. 
    
Sample  SampleDate1,2
depth  10/26/04 6/14/05 
feet  ------------------lb/ac-------------------- 
0-1  208 28 
1-2  70 36 
2-3  23 80 
3-4  45 172 
 
1400 lb N applied 4/23/04 
217.0 inches of precipitation from 10/26/04 – 6/14/05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EFFECT OF CROP ROTATION AND TILLAGE ON 
NEMATODE POPULATIONS 
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Nematode populations were 
measured in the rotation studies for 
the fifth consecutive year. Soil 
samples were collected in the fall from 
all crops in replications one and three. 
Nematodes were extracted from soil 
by the Christie-Perry method, 
identified, and counted.  The first six 
taxa listed in Table 1 include the plant 
parasites, the next taxonomic grouping 
(dorylaims) are primarily predaceous, 
and the last group (microbial feeders) 
are associated with decaying organic 
material. The latter two taxa are 
generally considered to be beneficial. 
The predaceous nematodes aid in 
regulating populations of other soil 
animals including plant parasitic 
nematodes, and the microbial feeders 
aid in the breakdown of crop residue 
and the recycling of nutrients. 
Populations of stunt nematodes 
were again low in all rotations. Crop 
rotations had little consistent effect on 
spiral nematodes (Table 1). Pin 
nematode numbers were highest in 
soybean in the 4-yr rotations. Dagger 
nematode populations were highest on 
alfalfa in the CT rotation, and it is likely 
they reduced alfalfa yields. Crop 
rotation had no consistent effect on 
populations of dorylaims or microbial 
feeders. 
The highest populations of 
spiral and pin nematodes occurred in 
the no-till rotations, and highest 
numbers of Tylenchinae occurred in 
the conventional till rotations.  
Populations of both dorylaims and 
microbial feeders were higher in the 
conventional-till rotations (Table 1). 
The average nematode 
population in the rotations over the 
past 5 years is compared in Table 2.  
Spiral nematode populations were 
highest in the 2-yr Aerway till rotation 
and pin nematodes were highest in the 
4-yr conventional-till rotation.  
Populations of Tylenchinae were 
highest in conventional-till rotations.  
The 4-yr rotations that include alfalfa 
had the highest dagger nematode 
populations. Lesion nematode 
numbers were highest in the 2-yr 
rotations. Populations of both 
dorylaims and microbial feeders were 
highest in the conventional-till 
rotations. 
Nematode populations were 
also measured in the alternative 
cropping systems studies.  In general, 
nematode population densities were 
highest following soybean (Table 3). 
The highest populations of dagger 
nematodes occurred in the 
continuously cropped soybeans and 
were at a level that very likely would 
reduce yield. The lowest populations 
of nematodes generally occurred 
following spring wheat. 
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     Table 1.    Fall nematode populations, October 14, 2005 
                                               --------------------------------------------------- Nematode taxa ---------------------------------------------------------- 
Rotation\a Crop Stunt Spiral Pin Tylenchinae Dagger Lesion Dorylaims 
Microbial 
feeders 
          
Corn 0\b 475 42 16 35 175 60 308 NT 2 
soybean 25 960 0 25 50 16 135 316 
Corn 16 583 0 208 0 0 32 250 AT 2 
soybean 25 310 50 75 35 92 100 515 
corn 0 1126 0 950 16 0 335 442 CT 2 
soybean 0 510 35 85 0 0 50 1175 
corn 16 691 0 16 0 0 50 160 
soybean 0 135 168 35 0 0 63 310 NT 3 
sp. wht 0 1565 0 8 0 0 165 891 
corn 0 260 165 332 35 16 175 626 
soybean 0 332 16 67 0 35 175 1065 CT 3 
sp. wht 0 16 235 250 0 0 150 726 
corn 0 1058 1208 16 35 0 0 626 
soybean 0 50 3968 35 0 0 92 560 
sp. wht 0 200 16 43 0 0 0 215 
NT 4 
alfalfa 0 32 65 16 25 0 293 450 
corn 0 950 426 258 108 0 260 508 
soybean 0 75 2575 275 158 0 110 991 
sp. wht 16 400 8 50 0 35 135 650 
CT 4 
alfalfa 0 16 690 0 933 0 65 483 
 
 a/ NT= No till, AT= Aerway till, CT= Conventional tillage 
b/ Average of two replications, number of nematodes per 100 cm3soil. 
 
     Table 2.    Average nematode population in rotation studies, 2001-2005 
                       --------------------------------------------------- Nematode taxa ----------------------------------------------------------
 
Rotation Stunt Spiral Pin Tylenchinae Dagger Lesion Dorylaims 
Microbial 
feeders 
         
NT2 10\a 676 55 35 28 78 137 642 
AT 2 42 930 131 81 45 100 154 846 
CT 2 13 626 95 187 35 124 249 1097 
NT 3 28 671 61 46 20 39 131 434 
CT 3 18 429 104 151 31 49 187 709 
NT 4 16 428 404 32 87 5 144 601 
CT 4 33 396 839 111 225 13 217 920 
 
a/ Average of all crops in the rotation over the five-year period, number of nematodes per 100 cm3 soil. 
 
 
 
 
 
Table 3.  Nematode populations in the alternative cropping systems study, October 14, 2005 
                                                          --------------------------------------- Nematode taxa ----------------------------------------------- 
System Crop Stunt Spiral Pin Tylenchinae Dagger Lesion Dorylaims Microbial feeders 
          
Continuous Corn 0 175\a 42 32 0 16 65 350 
Continuous Soybean 0 575 2208 42 340 16 200 1416 
Continuous Spring Wheat 0 155 32 35 0 0 255 285 
Continuous Alfalfa 0 110 132 16 275 0 116 625 
          
Modified 
c-c-s-c-c-s Soy 0 1991 910 182 141 16 165 915 
          
Corn - Soy Corn 0 1050 175 116 207 150 360 660 
 Soy 0 1535 850 293 16 60 325 1050 
          
Wheat – Soy Soy 0 765 1510 160 242 16 210 565 
 Wheat 0 162 350 35 42 0 35 325 
Stacked 
c-c-s-s-w-w Soy 0 700 235 100 135 0 393 1076 
s-s-w-w-c-c Wheat 0 435 200 193 0 16 185 475 
w-w-c-c-s-s Corn 0 258 92 35 16 0 100 310 
a/ Average of two replications, number of nematodes per 100 cm3 soil.  Study established in 2003. 
 
SOYBEAN CYST NEMATODE STUDIES, 2005 
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OBJECTIVES 
 
Determine distribution of soybean cyst nematode (SCN) in South Dakota. 
Determine effect of SCN on soybean yields in small plot and field-scale tests. 
Determine crop rotation effects on SCN population densities. 
Measure reproduction of SCN on resistant, susceptible, and experimental 
soybean lines, and assist SDSU soybean breeder in development of SCN-
resistant lines. 
 
 
                                  
1998
1997
1998
1997
1998
1997 
1997
2002 1997
2002  2002 1998
2004 1996 1997
1999
1998
 1997
1995
Figure 1.   Distribution of SCN in South Dakota and year in which SCN was  
                 detected. 
 
RESULTS: 
 
SCN Distribution:  We continued to 
determine the distribution of SCN 
through the samples received by the 
SDSU Nematode Testing Service.  
Approximately 1000 soil samples 
were processed for SCN in 2005, 
and nearly 35% of the samples were 
positive for SCN.  The number of 
counties where SCN has been found 
remains at nineteen (Figure 1).   .  
Most of samples were received from 
southeastern SD, and several new 
locations for SCN were detected.  
 
 
A field-scale strip test was 
established in a cooperator’s 
irrigated field in Turner County.  The 
test included both early and later-
maturing entries.  In the early test 
yields of the resistant varieties were 
18-39% higher than the susceptible 
varieties (Table 1).  In the late test 
yield increases for the resistant 
varieties ranged from slight to 58% 
higher than the susceptible varieties.  
Population densities of SCN at 
harvest were substantially lower on 
the resistant varieties in both tests. 
Table 1.  Soybean yields and SCN populations in irrigated Tri-Ag plot,  
                Turner County. 
Entry Response to SCN Yield (bu/ac) 
No. of SCN eggs + 
J-2 per 100 cm3 soil 
at harvest\a
Early 
Asgrow 0801 S 25.1\b 1900 
Asgrow 1401 S 24.0 3025 
Asgrow 0803 R 30.3 550 
Pioneer 91M50 R 29.5 100 
    
Asgrow1501 R   33.3\c 900 
Prairie Brand 1694 R           33.2 450 
                         lsd.05= 3.4\d  
Late 
Asgrow 2403 S   27.9\b 11575 
Pioneer 92M80 S 32.9 12300 
Pioneer 92M70 R 40.3 875 
Asgrow 2801 R 43.1 800 
    
Mustang M286NRR R 44.2\c 100 
Pioneer 93M10 R 38.0 700 
Garst 2251RR/N R 36.8 300 
Garst 2359 R 36.3 900 
Asgrow 2107 R 35.2 100 
Prairie Brand PB-2183NRR R 33.5 100 
                                                                                 lsd .05= 6.9\d
a/Population density of SCN at planting was 275 eggs+J-2 per 100 cm3 soil in early plot 
and 675 in the late plot. 
b/ Average of two replications.  
c/ Non-replicated entries.   
d/ Based on replicated entries.            
 
A second strip trial was 
established in a heavily infested, 
non-irrigated field in Turner County.  
Yields of the resistant varieties were 
26-54% higher than the susceptible 
(Table 2).   
 
All of the resistant varieties 
suppressed reproduction of SCN and 
populations were substantially 
reduced from the at-planting levels. 
 
 
 
 
Table 2. Soybean yields and SCN populations in Turkey Ridge Agri-Service plot,  
               Turner County. 
 
Entry Response to SCN Yield (bu/ac) 
No. of SCN eggs + 
J-2 per 100 cm3 soil 
at harvest\a
Dekalb 25-51 S   25.6\b 14,725 
Mustang 286 R 39.3 1,650 
Garst 2721 R 39.2 715 
    
Prairie Brand 2794 R   39.4\c 600 
Prairie Brand 2494 R 37.3 2,300 
Garst 2359 R 33.9 550 
Prairie Brand 2385 R 32.3 600 
                                                                           lsd .05= 4.1\d
a/ Population density of SCN at planting was 6650 eggs + J-2 per 100 cm3 soil. 
b/ Average of three replications. 
c/ Non-replicated entries. 
d/ Based on replicated entries. 
 
 
Soybean yields and SCN 
populations were also measured in a 
dryland strip trial in southeastern 
Clay County near Burbank.  There 
were no significant yield increases 
associated with the resistant 
varieties (Table 3).  This trial had the 
same SCN-susceptible variety as the 
second Turner County trial (see 
Table 2), but the yield of this variety 
in the Burbank trial was more than 
double the Turner County yield.  
Several factors were involved in the 
higher Burbank yields.  The SCN 
populations at planting were much 
higher in the Turner County trial and 
SCN was well distributed in the field.  
The SCN population was lower and 
distribution of SCN was highly 
variable in the Burbank trial.  Also, 
the Turner County test area 
experienced considerable moisture 
stress in July and August, whereas 
the Burbank plot received timely 
rainfall.   
 
 
 
Table 3. Soybean yields and SCN populations in Ray Hall plot, Clay County. 
Entry Response to SCN Yield (bu/ac) 
No. of SCN eggs + 
J-2 per 100 cm3 soil 
at harvest\a
DeKalb 25-51 S 61.3\b 7050 
DeKalb 26-52 R 58.7 965 
Garst 2612 R 55.6 435 
    
Prairie Brand 2606 R 61.8\c 400 
Pioneer 92M61 R 60.9 2200 
NK X425R R 60.7 700 
Pioneer 93M11 R 60.6 5850 
Great Lakes 2819 R 60.4 2350 
Stine 2402 R 60.4 1250 
Stine 2842-4 R 60.3 1950 
NK 29J6 R 59.7 850 
NK 29J6 treated R 59.4 900 
Pioneer 92M91 R 59.4 3300 
DeKalb 2951 R 59.3 950 
Prairie Brand 2494 R 59.1 100 
Garst 2812 R 58.9 4500 
Garst 2721 R 58.8 3100 
Stine 2702 R 55.7 950 
Great Lakes 2429 R 55.5 1000 
Prairie Brand 2594 R 55.3 300 
NK 28L8 R 53.9 2400 
                                                                            lsd.05= 2.3/d
a/ Population density of SCN at planting was 583 eggs + J-2 per 100 cm3 soil. 
b/ Average of three replications. 
c/ Non replicated entries. 
d/ Based on replicated entries. 
 
Side by side demo-strips 
comparing SCN-resistant vs SCN-
susceptible soybeans were 
established in an 8 acre test block at 
the Southeast Farm.  Portions of this 
block are subject to flooding 
following heavy rains, and rains 
prevented planting until late June.  
Approximately one third of the block 
has moderate to high populations of 
SCN, and the remainder of the block 
has low or non-detectable 
populations.  Yields of the 
susceptible variety ranged from 16 to 
40 bu/ac across the strips, while 
yields of the resistant variety ranged 
from 21 to 39 bu/ac.  Overall 
average yields and SCN populations 
are compared in Table 4. 
 
Table 4. Soybean yields and SCN populations in demo-strips at Southeast Farm, 
              Clay County. 
 
Entry Response to SCN Yield (bu/ac) No. of SCN eggs +J-2 per 100cm3 soil at harvest\a
Prairie Brand 2141 S 30.4\b 3100 
Prairie Brand 2183N R 33.4 125 
a/ Population of SCN at planting was 350 eggs +J-2 per 100 cm3 soil, planted 6/27/05. 
b/ Average of 19 side-by-side strips. 
 
 
A map of soybean yields in 
the side by side strips was prepared 
by Southeast Farm personnel 
(Figure 2).  The blank areas in the 
map are low areas where the crop 
was flooded.  The darker shades 
indicate low yields.  The uneven 
distribution of SCN is reflected in the 
yield map.  Populations of SCN were 
at damaging levels near the low 
areas, in the southeastern third, and 
in the patch in the southwestern 
corner of the block.
                             
       
 
 
                                    
 
    N 
Yield Bu/A 
10.00 – 15.00  (0.60 ac) 
25.00 – 30.00  (0.80 ac) 
40.00 – 50.00  (2.39 ac) 
25.00 – 30.00  (0.80 ac) 
50.00 – 60.00  (0.46 ac) 
35.00 – 40.00  (1.42 ac) 
20.00 – 25.00  (0.64 ac) 
15.00 – 20.00  (0.58 ac) 
 5.00 – 10.00  (0.70 ac) 
0.00 – 5.00  (0.00 ac) 
                            
Figure 2.  Soybean yields in demo-strips, Southeast Farm, Beresford, SD; 2005..     
There has been increased interest in 
pea production the past several 
years.  The status of pea as a host 
for SCN is unclear.  A greenhouse 
experiment was conducted to 
measure reproduction of SCN on a 
range of field pea varieties.  None of 
the pea varieties were a host for 
SCN (Table 5).  The reproduction of 
SCN on pea was also measured in 
two Clay County locations.  
Populations of SCN did not increase 
on pea at either location (Table 6).  
Additional studies on pea are 
planned for 2006.  
 
      Table 5.  Reproduction of SCN on field pea varieties in the greenhouse. 
 
Entry Number of SCN  
eggs + J-2/pot 
Entry Number of SCN  
eggs + J-2/pot 
    
Journey   0\a Integra 0 
Cruiser 0 Toledo 0 
40-10 Magda 0 Stratus 0 
Admiral 0 Tudor 0 
Circus 0 Topeka 0 
Grande 0 Montero 0 
Arvika 0 Forager 0 
Salute 0 Lifter 0 
Mozart 0 Stirling 0 
Carneval 0 Victoria 0 
Eclipse 0 Millennium 0 
  Soybean variety  
– Surge 
11225\b
            a/ Average number of SCN per pot (120 cm3 soil per pot).  
        Inoculated with 2000 SCN eggs.  4/1/05- 5/4/05. 
 
                  Table 6.  Reproduction of SCN on field peas and SCN-susceptible  
                                 soybean at two Clay County locations. 
 
 Number of SCN eggs + J-2 per 100 cm3 soil 
Location Planting June 20 October 11 
    
SE Farm    
Soybean 750 1100 28400 
Field Peas 
(Salute) 
1400 100 800 
    
Hall Plot    
Soybean 1900 1150 4150 
Field Peas 
(Carneval) 
1100 250 875 
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INTRODUCTION 
 
 Bt-rootworm is a Bt-corn 
engineered to produce toxic proteins 
in its roots to kill larvae of the corn 
rootworm.  Bt-rootworm only works 
against corn rootworm larvae.  Thus, 
all Bt-rootworm corn hybrids also 
comes treated with seed treatments 
such as Guacho (imidacloprid), 
Poncho (clothianidin) or Cruiser 
(thiamethoxam) for protection 
against secondary soil insect pests 
(white grubs, wireworms, seed corn 
maggot, and seed corn beetles).    
Current insecticidal seed treatments 
are systemic neonicotinoids that are 
coated onto the seed corn before 
planting. 
 
Bt-rootworm also is not 
protected against above-ground 
insects such as black cutworm and 
the European corn borer so it must 
be scouted and treated for these 
insects if necessary.  Bt-rootworm 
has been grown in SD since 2003.  
The other Bt-corn – now called Bt-
corn borer – has been in cultivation 
since 1996.  Stacked Bt-corn 
containing both Bt-corn borer and Bt-
rootworm genes has been available 
to SD corn growers since 2004. 
 
 This research was conducted 
to evaluate the performances of Bt-
rootworm corn hybrids against their 
target insect pests, and to obtain 
detailed agronomic and economic 
data, to better understand the 
potential benefits and limitations of 
growing transgenic Bt-corn hybrids in 
South Dakota. 
 
MATERIALS AND METHODS 
 
All experiments were conducted at 
the SDSU Southeast Experiment 
Farm near Beresford during the 2005 
growing season.  The different corn 
hybrids were planted on a field that 
was on continuous corn since 2002 
(fourth-year corn).  The experimental 
design was a randomized complete 
block with each treatment replicated 
four times. 
 
 The corn seeds were planted 
using a 6-row White 5700 planter on 
May 4, 2005.  Plant population was 
at 30,000 per acre.   Each 
experimental unit was composed of 
six rows of corn plants spaced 30 
inches apart, 50 feet long.  Three 
randomly selected plants from row 1 
of each plot were carefully uprooted 
on July 5, cleaned, and then placed 
in a modified Berlese funnel (Fromm 
et al. 1998).  Live corn rootworm 
larvae emerging from the roots were 
recorded.  Three rows of corn in 
each plot were kept intact then 
harvested at the end of season 
(October).  
 
Data were analyzed using SAS after 
appropriate data transformations to 
normalize the data (Gomez and 
Gomez 1984, SAS Institute 1989). 
 
  
RESULTS AND DISCUSSION 
 
 Rootworms.  The field which 
was on fourth-year continuous corn 
was indeed infested with corn 
rootworms.  Number of live larvae 
collected from the roots of each corn 
hybrid is shown in Fig. 1B.  These 
rootworms would have hatched from 
eggs that were laid on the soil in late 
summer of the previous year (2004), 
and subsequently wintered over in 
the soil.  These larvae fed on the 
roots in early July when the corn was 
at “knee-high” or whorl-stage. 
 
 We found rootworm larvae in 
all of the corn hybrids tested, 
including hybrids protected with Bt-
rootworm gene plus seed-treated 
with an insecticide.  However, in 
general, corn hybrids containing the 
Bt-rootworm gene (YieldGard 
Rootworm, YieldGard Plus) had 
lower number of live larvae in the 
roots (Fig. 1B). 
 
The seed treatments (Poncho 
250, Poncho 1250, Cruiser) on their 
own (i.e., without the Bt-rootworm 
gene) did not appear to prevent 
rootworms from infesting the roots.  
Within the Golden Harvest and 
Dekalb hybrid groups, for example, 
the highest numbers of rootworm 
larvae were recovered from Poncho-
treated seeds at 25 and 24 larvae 
per 10 plants, respectively (Fig. 1B). 
 
There appeared to be hybrid 
differences in rootworm infestations 
even in the untreated conventional 
(non-Bt) corn hybrids.  Pioneer 
34N43 had the highest number of 
rootworms at 31 larvae per 10 plants 
compared with 8 larvae per 10 plants 
in the untreated Golden Harvest 
8906 (Fig. 1B).  These differences 
may be related to the root structures 
of the different corn hybrids. 
 
 Yield.  The highest yielding 
corn hybrid within the Golden 
Harvest hybrid group was H-9005Bt 
containing the YieldGard Plus gene 
(stacked Bt-corn borer and Bt-
rootworm genes) plus seed-treated 
with Poncho 250 (Fig. 1A).  This 
hybrid also had the lowest number of 
rootworm larvae in the roots in July 
(Fig. 1B).  However, H-8895Bt with 
the YiedGard Rootworm gene, did 
not have a significantly higher yield 
than the untreated conventional 
hybrid despite having low number of 
rootworm larvae like H-9005Bt. 
 
 The highest yielding Dekalb 
hybrids (DKC60-13RR2, DKC60-
18RR2, both with Poncho 250) also 
had the lowest rootworm larvae in 
the roots early in the season.  The 
Poncho-treated conventional or Bt-
corn borer hybrids did not have 
significantly higher yields than the 
untreated conventional hybrid. 
 
 No improvement in yield was 
recorded in the Cruiser-treated 
Syngenta N58-D1 Bt-corn borer 
hybrid.  Likewise, none of the 
Pioneer hybrids containing the 
Herculex I gene (with or without 
Poncho seed treatment) was able to 
improve yield over the untreated 
conventional hybrid (Fig. 1A). 
 
 Other insect pests such as the 
European corn borer and Western 
bean cutworm were much lower in 
numbers on the field in 2005 than in 
previous years. 
 
 
REFERENCES CITED 
 
Fromm, E. A., E. J. Bernklau, and 
L. B. Bjostad.  1989.  Simple 
technique for sampling corn 
rootworm larvae.  
(http://www.colostate.edu/Depts/Ento
mology/posters/fromm981108/fromm
981108.html). 
 
Gomez, K. A., and A. A. Gomez.  
1984.  Statistical procedure for 
agricultural research.  Wiley, New 
York. 
 
SAS Institute.  1989.  SAS user’s 
guide: statistics.  SAS Institute, Cary, 
NC. 
ACKNOWLEDGMENTS 
 
 We thank the South Dakota 
Corn Utilization Council for funding 
our research.  Corn seeds and 
insecticides were provided by their 
respective companies.  The staff at 
the Southeast Research Farm and 
the entomology summer crew 
provided agronomic and technical 
support.  Thank you very much. 
 
0
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
B
us
he
ls
 p
er
 a
cr
e
A. Corn Yield (adjusted to 15% moisture)
0
10
20
30
40
R
oo
tw
or
m
s 
pe
r 1
0 
pl
an
ts
B. Larvae on Roots
Research Farm during the 2005 season.
Fig. 1. Performances of Bt-corn hybrids against corn rootworm larvae at the SE
On 4th year continuous corn
On 4th year continuous corn
H
-8
90
6
H
-9
00
5 
B
t Y
G
 P
L 
+ 
Po
nc
ho
 2
50
H
-8
90
6 
+ 
Po
nc
ho
 1
25
0
H
-9
00
6 
B
t Y
G
 C
B
 +
 P
on
ch
o 
25
0
H
-8
90
6 
+ 
Po
nc
ho
 2
50
H
-8
89
5 
B
t Y
G
 R
W
 +
 P
on
ch
o 
25
0
H
-8
90
6 
+ 
Po
un
ce
 (8
 lb
s 
/ a
cr
e)
H
-8
90
6
H
-9
00
5 
B
t Y
G
 P
L 
+ 
Po
nc
ho
 2
50
H
-8
90
6 
+ 
Po
nc
ho
 1
25
0
H
-9
00
6 
B
t Y
G
 C
B
 +
 P
on
ch
o 
25
0
H
-8
90
6 
+ 
Po
nc
ho
 2
50
H
-8
89
5 
B
t Y
G
 R
W
 +
 P
on
ch
o 
25
0
H
-8
90
6 
+ 
Po
un
ce
 (8
 lb
s 
/ a
cr
e)
+21.3
+3.5 +1.7 +0.4 -1.1
-7.7
Golden Harvest Dekalb NK Pioneer
D
K
C
60
-1
7 
R
R
2
D
K
C
60
-1
3 
R
R
2 
B
t Y
G
 R
W
 +
 P
on
ch
o 
25
0
D
K
C
60
-1
8 
R
R
2 
B
t Y
G
 P
L 
+ 
Po
n
25
0
D
K
C
60
-1
7 
R
R
2 
+ 
Po
nc
ho
 1
25
0
D
K
C
60
-1
9 
R
R
2 
B
t Y
G
 C
B
 +
 P
on
25
0
D
K
C
60
-1
7 
R
R
2
D
K
C
60
-1
3 
R
R
2 
B
t Y
G
 R
W
 +
 P
on
ch
o 
25
0
D
K
C
60
-1
8 
R
R
2 
B
t Y
G
 P
L 
+ 
Po
n
25
0
D
K
C
60
-1
7 
R
R
2 
+ 
Po
nc
ho
 1
25
0
D
K
C
60
-1
9 
R
R
2 
B
t Y
G
 C
B
 +
 P
on
25
0
+31.6
+12.0
-5.1 -9.2
N
58
-F
4
N
58
-D
1 
B
t Y
G
 C
B
 +
 C
ru
is
er
-5.8
N
58
-F
4
N
58
-D
1 
B
t Y
G
 C
B
 +
 C
ru
is
er
H
-8
90
6
H
-9
00
5 
B
t Y
G
 P
L 
+ 
Po
nc
ho
 2
50
H
-8
90
6 
+ 
Po
nc
ho
 1
25
0
H
-9
00
6 
B
t Y
G
 C
B
 +
 P
on
ch
o 
25
0
H
-8
90
6 
+ 
Po
nc
ho
 2
50
H
-8
89
5 
B
t Y
G
 R
W
 +
 P
on
ch
o 
25
0
H
-8
90
6 
+ 
Po
un
ce
P3
4N
43
P3
4N
44
 B
t Y
G
 C
B
P3
4N
42
 B
t H
X 
LL
P3
4N
42
 B
t H
X 
LL
 +
 P
on
ch
o 
12
50
+8.3
+0.2
-7.8
D
K
C
60
-1
7 
R
R
2
D
K
C
60
-1
3 
R
R
2 
B
t Y
G
 R
W
 +
 P
on
ch
o 
25
0
D
K
C
60
-1
8 
R
R
2 
B
t Y
G
 P
L 
+ 
Po
n
25
0
D
K
C
60
-1
7 
R
R
2 
+ 
Po
nc
ho
 1
25
0
D
K
C
60
-1
9 
R
R
2 
B
t Y
G
 C
B
 +
 P
on
25
0
N
58
-F
4
N
58
-D
1 
B
t Y
G
 C
B
 +
 C
ru
is
er
P3
4N
43
P3
4N
44
 B
t Y
G
 C
B
P3
4N
42
 B
t H
X 
LL
P3
4N
42
 B
t H
X 
LL
 +
 P
on
ch
o 
12
50
[LSD0.5 = 20.6]
[LSD0.5 = 20.4]
 
INSECTS ON TRANSGENIC CORN AT THE 
SOUTHEAST RESEARCH FARM 
 
J. Kieckhefer, M. Catangui, R. Berg, and R. Jons 
 
PLANT SCIENCE 0520 
 
 
 
Several projects began at South 
Dakota State University’s Southeast 
Research Farm west of Beresford, 
South Dakota, in the summer of 
2005 to examine the changing 
ecology of insects associated with 
transgenic corn. In particular, the 
projects should help identify 
emerging pest species in transgenic 
corn, including both insects that have 
not been recognized as species in 
corn previously and species that 
have been present in corn crops for 
years without reaching economically-
damaging levels until the use of 
transgenic corn became widespread. 
 
Corn rootworms and transgenic 
corn 
Corn rootworms have earned a 
reputation as serious pests of corn. 
In South Dakota, the northern corn 
rootworm, Diabrotica barberi (Smith 
and Lawrence), and the western 
corn rootworm, Diabrotica virgifera 
(LeConte), are the most common 
species of Chrysomelidae 
(Coleoptera) that attack corn roots. 
Several brands offer corn with 
transgenic resistance to corn 
rootworm larvae. These varieties 
have been trademarked with 
designations such as “YG-RW,” 
abbreviated from “YieldGard – 
Rootworm.” These varieties are 
marketed as methods to reduce the 
damage to corn roots caused by 
feeding activities of corn rootworm 
larvae. The larvae tunnel through the 
roots, reducing the root masses 
available to support the plants. By 
incorporating genes from Bacillus 
thuringiensis, seed corn companies 
have imparted upon these varieties 
of corn the ability to produce 
insecticidal chemicals. The rootworm 
larvae begin feeding on roots of 
these transgenic corn plants, and the 
chemicals produced by the plants kill 
the feeding larvae. 
Theoretically, larger root masses 
result in greater yields of corn. The 
damage from the rootworm larvae, 
then, should reduce yield, and the 
varieties with transgenic resistance 
to rootworms should suffer less yield 
loss from corn rootworms than 
conventional varieties of corn. 
In an effort to count actual 
rootworm larvae, rather than simply 
rating the damage to the root 
systems, root systems from 
individual corn plants were placed in 
funnels following a design proposed 
by Fromm et al.(Colorado State 
University, poster presented at the 
1998 annual meeting of the 
Entomological Society of America). 
Larvae drop out of drying corn roots 
through screens into water below the 
roots. 
Funnels were made from 18-
ounce, plastic Solo® beverage cups 
and fiberglass window screen. To 
produce a funnel, the bottom third of 
one plastic cup was cut off, and the 
flat bottom of a second cup was also 
cut out. The piece consisting of the 
upper two-thirds of the former cup 
was inserted into the latter cup with a 
20-centimeter square patch of 
window screen between the two. 
This combination then sat in the 
piece consisting of the bottom third 
of the first cup. 
To load corn roots into these 
funnels, the roots of individual plants 
were excavated from the soil, as 
much soil as possible was removed 
from the root systems, and each root 
mass was supported in a funnel on 
the piece of window screen. Water in 
the piece consisting of the bottom 
third of the first cup trapped larvae 
dropping out of the root system, and 
prevented any larvae from drying out 
before the funnels were checked a 
few days after collecting the root 
masses. 
 
 
 
 
Figure 1. Percentages of corn plants containing corn rootworm larvae
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Figure 2. Infestation rates of corn varieties by corn rootworm larvae
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Corn roots were collected June 
14, July 5 and July 28, 2005 from the 
test plots at the Southeast Research 
Farm. Larvae were removed from 
the funnels on June 17, July 8 and 
August 1, 2005, respectively. 
As shown in figures 1 and 2, corn 
varieties with the YieldGard – 
Rootworm or the YieldGard – Plus 
transgenic traits were host to 
considerably fewer corn rootworm 
larvae than other varieties of corn, 
both in terms of average numbers of 
rootworm larvae per plant and in 
terms of the percentages of plants 
infested with rootworm larvae. 
Surprisingly, though, at least a 
few corn rootworm larvae were 
collected from each variety, 
suggesting some resistance in the 
rootworm population to the toxins 
produced by transgenic corn that 
targets rootworm larvae. 
 
Lepidopterans in corn ears 
Several species of caterpillars 
feed directly on corn ears, damaging 
the kernels primarily or by creating 
microhabitats favorable for the 
growth of fungi that damage entire 
ears of corn. The corn earworm, 
Helicoverpas zea (Boddie), and the 
European corn borer, Ostrinia 
nubilalis (Hübner), as well as the 
western bean cutworm, Richia 
albicosta (Smith), can all feed on the 
kernels of developing or drying ears. 
Many of these caterpillars show at 
least some degree of cannibalism, 
so finding more than one individual 
or more than one species per ear is 
unlikely. 
The first varieties of Bt corn 
released on the market specifically 
targeted the European corn borer. 
Larvae tunneling through the stalks 
or feeding on plant tissues consume 
the Bt toxins and die. Accordingly, 
larvae feeding under the husks of 
corn ears should also succumb on Bt 
corn. Later transgenic varieties, such 
as Herculex (“HX”) and YieldGard – 
Plus (“YG-PL”), were developed to 
target corn earworm and western 
bean cutworm, as well as European 
corn borers. 
To determine the levels of 
infestation by these three species, all 
ears in the first row of each plot were 
examined for caterpillars. Rates of 
infestation were calculated by 
dividing the number of ears infested 
with each species by the total 
number of ears sampled for each 
variety. 
Most varieties with transgenic 
traits targeting European corn borers 
specifically (YG-CB) or containing 
the YieldGard – Plus (YG-PL) trait 
showed no evidence of attack by 
corn borers (Figure 3). However, 
some European corn borers were 
found feeding successfully on one 
variety of YieldGard – Corn-borer 
corn, P34N44 YG-CB. 
On the varieties developed to 
reduce attacks by corn earworms 
and western bean cutworms, attacks 
by these two species varied 
considerably. Earworm or cutworm 
larvae appeared on ears of every 
variety with the exception of DKC60-
19 YG-CB +Poncho 250, which 
showed no evidence of any damage 
by lepidopterous larvae to the ears 
directly. Interestingly, this variety 
only contains the transgenic traits to 
resist attacks by European corn 
borers, rather than the broader-
spectrum traits in YieldGard – Plus 
or Herculex varieties. 
 
 
 
Figure 3. Percentages of corn ears harboring lepidopterous pests
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Other insects 
Counts of corn leaf aphids, 
Rhopalosiphum maidis, indicated 
some effects of transgenic corn on 
populations of aphids on those 
plants. Aphid populations varied 
widely among corn varieties and 
treatments. 
One tussock caterpillar 
(Lepidoptera: Lymantriidae) was 
collected on corn in the plots at the 
Southeast Research Farm. Reports 
indicate that tussock caterpillars 
occasionally feed on corn, but more 
frequently feed on tree vegetation. 
A single specimen of a unique-
headed bug (Hemiptera: 
Enicocephalidae) was collected 
feeding on aphids between the 
leaves of a corn husk. This specimen 
represents the first collection record 
of this family in South Dakota. 
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INTRODUCTION 
 
 
Good crop rotation schemes 
and tillage strategies are among the 
most powerful tools available for the 
maintenance of biologically and 
economically sustainable agriculture.  
Our understanding of the impact of 
crop, rotation, and tillage practices 
continues to evolve and improve with 
new research.  Long-term studies of 
such practices are critical to gauge 
their long-term effects and their 
continued success over time.  
Strategies that work well in the short 
term may not prove effective over 
longer periods.   
 This report describes a 
component of a larger project titled 
“Alternative Cropping Systems,” 
described in greater detail elsewhere 
in this volume.  It is a six year field 
trial (begun in 2003) to evaluate the 
long-term performance of eight 
cropping systems.  Our part in this 
study is to assess the impact of 
cropping system on insect pest 
abundance and damage in soybean 
in the third year of the study (2005). 
 
METHODS 
 
Table 1 summarizes the 
treatments in the six-year stacked 
rotation trial headed by Dr. Robert 
Berg.  In the summer of 2005 we 
performed weekly or biweekly 
monitoring in the soybean 
component of the experiment to 
assess soybean aphid and bean leaf 
beetle (BLB) density in the different 
treatments.  We also counted Orius 
bugs (a predator of the soybean 
aphid) and made visual field 
assessments of percent feeding 
damage to the soybean leaves.  
Bean leaf beetle was the 
predominant leaf-feeding insect we 
observed on these plants, and so we 
make the assumption that observed 
feeding damage is due primarily to 
this insect.  We did not sample 
insects past August 1 because the 
soybean plots were treated with 
insecticide for the control of soybean 
aphid. 
At the end of the growing 
season we collected whole-plant leaf 
samples from 10 plants each in the 
soybean treatments.  We scanned 
images of these leaves into 
computer image files.  We will use 
the software program FoveaPro 4.0 
to analyze these digital images of the 
soybean leaves, calculating the area 
eaten away by leaf-feeding insects 
(which were predominantly bean leaf 
beetles).   In this way we can 
precisely quantify the damage to 
these plants, and compare damage 
among cropping systems.  These 
results are pending and are not 
included in this report. 
Time series data were 
analyzed using repeated measures 
MANOVA, however, there were no 
significant time by treatment 
interactions. Thus, data were 
combined across sampling dates 
and analyzed using ANOVA and 
post-hoc tests.    
 
 
 
Table 1.  Alternative cropping system research study; Southeast Research Farm, 
Beresford, SD.  Each treatment is replicated four times.  Letters in bold are those 
treatments we sampled for soybean aphid density and bean leaf beetle feeding 
damage in 2005.  (Modified from Berg et al. 2004).  
 
CROPPING SYSTEM SIX-YEAR SEQUENCE 
C – S – C – S – C – S  Corn – Soybean 
S – C – S – C – S – C  
S – W – S – W – S – W  Wheat – Soybean 
W – S – W – S – W – S  
Modified Corn – Soybean C – C – S – C – C – S  
C – C – S – S – W – W  
S – S – W – W – C – C  
Stacked 
W – W – C – C – S – S  
Continuous Corn C – C – C – C – C – C  
Continuous Soybean S – S – S – S – S – S  
Continuous Wheat W – W – W – W – W – W  
Continuous Alfalfa A – A – A – A – A – A  
 
 
RESULTS AND DISCUSSION 
 
Figure 1 shows the mean per-
plant number of aphids, Orius bugs, 
bean leaf beetles, and estimated 
percent feeding damage over time.  
We observed few differences among 
systems, though differences 
generally began to increase by the 
end of our sampling period (August 
1).  In each case, we observed an 
increase in insect numbers or 
feeding damage by August 1.  
However, we did not sample past 
this point due to insecticide 
application. 
 Figure 2 shows the mean per-
plant number of aphids, Orius bugs, 
bean leaf beetles, and estimated 
percent feeding damage by system. 
Only one system showed a 
significant difference – the System 6 
(Corn-Soybean) rotation had 
significantly greater feeding damage 
than other systems.  Further analysis 
of feeding damage on digitized leaf 
samples may shed light on this 
trend. 
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Figure 2.  Mean insect counts and % feeding damage by system.  Two = 
Continuous Soybean.  Five = Corn-Corn-Soybean. Six = Corn-Soybean.  Seven 
= Wheat-Soybean.  Eight = Stacked Rotation.  Within each graph, means with 
the same letter are not significantly different (P<0.05). 
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Yield, yield stability, and test 
weight are the most important 
characteristics associated with the 
identification and eventual release of oat 
varieties. There are, however, several 
additional factors that contribute to the 
expression of these primary 
characteristics. Resistance to lodging, 
Barley Yellow Dwarf Virus (BYDV), stem 
rust, and crown rust all affect yield 
potential and test weight.  Other traits 
that are considered prior to varietal 
release include: hull, protein, and oil 
percentages, as well as maturity, hull 
color, plant height, and whether it is 
hulled or hulless. 
Consumers desire different 
characteristics for specific needs.  
Millers generally want oats with high 
protein, high beta-glucan content, and 
low oil, whereas, livestock producers 
prefer tall varieties with high levels of 
protein and oil. The racehorse industry 
demands a high quality, white-hulled or 
hulless oat variety. Tall varieties, such 
as Loyal, are popular forage oats. 
The main emphasis of the oat 
breeding programs is development of 
hulled varieties.  Market demand for 
milling and feed oats isn’t affected by 
hull color; however, the racehorse 
industry desires white-hulled varieties. 
Therefore, emphasis is placed on 
development of white-hulled varieties 
with desirable traits for milling and/or 
feed. Recently there has been interest in 
hulless oats for feed and other specialty 
uses; therefore, we are continuing our 
effort to develop hulless oat varieties. 
Hulless oats tend to have a lower lignin 
content making them a viable option for 
a forage crop. Approximately fifty 
percent of the acres of oats planted are 
harvested for forage. 
Plant breeding is a long drawn 
out process. The bulk breeding method 
takes, on average, at least 10 years 
from the initial cross to variety release.  
This process may be shortened by two 
to three years by using a mass selection 
and modified single seed descent 
methods, which involves two extra 
generations in the greenhouse, and 
bulking increases of similar purification 
derivatives. Each year there are 
approximately 20,000 non-segregating 
plants and head rows observed within 
this program. In 2005, there were 3197 
unique populations and lines yield 
tested.  Out of a project total of 5384 
yield plots, 648 were grown at the 
Southeast Research Farm. 
Data collected from regional 
nurseries provides valuable information 
for variety release and germplasm 
selection for crossing in our program.  
The Tri-State regional nursery is made 
up of 30 hulled lines and 6 checks.  The 
30 lines consist of 10 advanced lines 
each from Minnesota, North Dakota, 
and South Dakota. Advanced increase 
lines are entered in the Uniform Early 
Nursery, Uniform Midseason Nursery, 
Quaker Uniform Oat Nursery, and/or 
South Dakota Standard Variety Oat 
Trials (SVO). Hulless lines are tested in 
the Cooperative Naked Oat Trial and/or 
SVO.  
Experimental line SD000366-36 
was released December 1, 2005 as the 
variety ‘Stallion’.   The three parent 
pedigree is SD89507/Settler//SD93068.  
The following tables are Crop 
Performance Testing data and trait 
summaries. 
 
 2004-2005 STANDARD VARIETY OAT DATA   
South Dakota 15loc/yrs 15loc/yrs 3loc/yrs 14loc/yrs 8loc/yrs 3loc/yrs 9loc/yrs 
Loc=locations yield test wt head height lodging Crown rust protein 
 bu/a lbs/bu (don=1) inches 1-5 % % 
JERRY 106.7 36.1 3.8 36.5 3.0 70 15.4 
STALLION     112.4 36.7 5.5 38.0 4.1 1 15.5 
 
 
 
Yield
Test 
weight Maturity Straw Strength Height Groat%
      
Very Good Very good 
Medium-
late Fair Tall Average
      
      
Crown Rust Stem Rust Smut Barley Yellow Dwarf Protein% Oil%
      
Resistant Susceptible Moderately Moderately resistant Average Average
  resistant    
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Alfalfa cultivars are tested at 
several South Dakota research stations. 
Our objective is to provide producers 
with yield data from currently available 
alfalfa cultivars to aid them in their 
selection process. Even though our yield 
trial does not contain all available 
cultivars, it should be a helpful tool in 
identifying those suitable for the area. 
 
Data from two separate trials 
were gathered in 2005. Table 1 provides 
forage production data for 25 alfalfa 
cultivars planted in 2003. Tons of dry 
matter yield are shown for three cuttings 
in 2005, total production in 2004, 2003, 
and a cumulative total for 2003-05. 
Table 2 contains data from 15 alfalfa 
cultivars planted in a new trial 
established in 2005. The new trial was 
harvested two times in 2005. Cultivars 
are ranked from highest to lowest based 
on the cumulative yield. The least 
significant difference (LSD) listed at the 
bottom of Tables 1 and 2 is used to 
identify significant differences between 
the cultivars. If the difference in yield 
between two cultivars exceeds the given 
LSD, then they are significantly different. 
  
Six replications of each cultivar 
were planted at 18 lbs pure live 
seed/acre. Fifty pounds of super 
phosphate (P2O5) was applied and 
incorporated before planting each trial. 
Later fertilizer application was made 
when necessary as recommended by 
the South Dakota State Soil Testing 
Laboratory. 
 
 Forage was harvested with a 
sickle-type harvester equipped with a 
weigh bin for obtaining fresh plot 
weights. Random subsamples from the 
fresh herbage were taken to determine 
percent dry matter. Alfalfa cultivars were 
evaluated for maturity prior to harvest. 
Yield differences among cultivars were 
tested using the LSD at the 0.10 level of 
probability when significant F-tests were 
detected by analysis of variance (Table 
1 and 2). 
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Table 1. Forage yield of 25 alfalfa cultivars entered in the South Dakota State University alfalfa testing 
program. Trial is located at the Southeast Research Station near Beresford, SD. Alfalfa was planted 29 April 
2003 into plots arranged in a randomized complete block design with six replications. 
     2005   2004 2003 3-year
Entry 31-May 29-Jun 4-Aug Total Total Total Total
 ------------------------------------------------ Tons DM/acre -----------------------------------------
Alfastar II 1.88 2.20 1.20 5.29 7.12 2.53 14.94
FSG 406 1.82 2.14 1.58 5.53 6.75 2.37 14.66
6420 1.93 2.14 1.28 5.34 6.55 2.64 14.53
Evermore 2.14 2.18 0.90 5.21 6.71 2.51 14.44
Extreme 2.09 2.40 1.20 5.69 6.32 2.37 14.39
  
Somerset 2.00 2.27 1.18 5.45 6.53 2.34 14.32
Abundance 2.28 2.52 1.01 5.80 6.33 2.18 14.31
54V46 2.02 2.29 1.22 5.52 6.25 2.50 14.27
WL 319HQ 2.34 2.62 0.77 5.73 6.15 2.32 14.20
Rebel 2.21 2.18 1.08 5.47 6.08 2.49 14.05
        
A 30-06 1.98 2.15 1.02 5.14 6.40 2.47 14.01
54Q25 1.95 2.15 0.95 5.05 6.41 2.45 13.91
WL 357HQ 1.95 2.09 1.34 5.39 6.16 2.33 13.88
Husky Supreme 2.13 2.33 0.81 5.27 6.11 2.48 13.86
Gold Rush 747 1.82 2.08 1.04 4.93 6.47 2.44 13.84
        
FSG 351 1.84 2.20 1.01 5.06 6.32 2.33 13.70
Bullseye 1.87 2.04 0.72 4.63 6.27 2.71 13.60
420 1.79 1.98 0.97 4.75 6.46 2.35 13.56
FSG 505 1.89 2.16 1.01 5.07 6.20 2.28 13.54
Hybriforce-420/Wet 1.96 2.28 0.86 5.09 5.90 2.50 13.49
        
Journey 204 Hyb. Alf. 2.01 2.10 0.81 4.93 6.11 2.42 13.46
Rugged 1.84 1.96 0.92 4.72 6.02 2.60 13.35
Vernal 1.97 1.98 0.59 4.54 6.32 2.44 13.30
4500 1.98 2.11 0.83 4.92 5.99 2.23 13.14
Notice II 1.85 2.09 0.84 4.79 6.07 2.20 13.06
        
Average 1.98 2.12 1.00 5.17 6.32 2.42 13.91
Maturity (Kalu & Fick) 4.8 5.6 5.5     
LSD (P=0.10) NS 0.28 NS NS NS NS NS
CV (%) 16.6 13.3 56.9 15.9 11.8 12.3 10.8
P-value 0.286 0.023 0.622 0.368 0.714 0.285 0.884
NS = not significant at 0.10 level of probability      
Treflan applied before planting       
50 lbs P2O5/Acre - preplant       
 
Table 2. Forage yield of 15 alfalfa cultivars entered in the South 
Dakota State University alfalfa testing program. Trial is located at the 
Southeast Research Station near Beresford, SD. Alfalfa was planted 
2 May 2005 into plots arranged in a randomized complete block 
design with six replications. 
 2005 
Entry 14-Jul 26-Aug Total
 ------------------- Tons DM/acre -----------------
6400 HT 0.85 0.75 1.61
4S419 0.71 0.80 1.51
54V46 0.80 0.69 1.49
FSG 408DP 0.77 0.66 1.43
Meadowlark 0.73 0.68 1.41
  
54H91 0.91 0.47 1.38
6415 0.80 0.56 1.36
Genoa 0.67 0.67 1.34
WL 357HQ 0.79 0.53 1.32
Escalade 0.67 0.64 1.31
  
Vernal 0.72 0.58 1.31
Integrity 0.85 0.44 1.29
Marvel 0.83 0.45 1.29
361 HY 0.64 0.47 1.11
4A421 0.69 0.41 1.09
    
Average 0.76 0.59 1.35
Maturity (Kalu & Fick) 5.3 5.5  
LSD (P=0.10) NS 0.16 0.25
CV (%) 20.5 29.3 19.3
P-value 0.132 0.001 0.098
NS = not significant at 0.10 level of probability  
Treflan applied before planting   
50 lbs P2O5/Acre - preplant   
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Grass and legume mixture research 
has received very little attention in the 
North Central Region because alfalfa 
has dominated forage research in the 
past and present. There are some 
notable benefits of grass and legume 
mixtures that include their potential to 
supply more consistent forage yields 
across a wide range of environments 
compared with monocultures of either 
grass or legume (alfalfa). Other 
ecological advantages of mixtures are 
N2 fixation by the legume, improved 
drying time for hay, and reduced insect 
damage.  
 
There is little production information on 
the suitability of diverse cool season 
grass species in binary mixtures with 
alfalfa to help farmers make informed 
decisions on which species to plant in 
hay or grazing systems.  The objective 
of this study is to evaluate binary 
mixtures of cool-season grasses with 
alfalfa for forage yield, compatibility, 
regrowth potential, and forage quality. 
 
In this study established at the 
Southeast Experiment Farm, seven 
perennial cool season grasses were 
planted in binary mixtures with a traffic 
tolerant alfalfa (‘Ameristand 403T) in 
four replications. Ameristand 403T 
was also planted in monocultures for 
comparison. Forage yield and quality 
data were not taken in the 
establishment year (2004). Data was 
collected from this trial in 2005. The 
grasses included in the trial and the 
seeding rates are summarized in 
Table 1. 
 
Table 1. Species, cultivars and seeding rates in pure live seed (PLS) used in the 
               experiment. 
 
Species Cultivar Lb of PLS/acre 
Smooth bromegrass (sbg) VNS Lincoln type 5 
Mountain bromegrass (mbg) Hakari Mountain, NZ 6 
Hybrid bromegrass (hyb) AC Knowles, Canada 5.5 
Intermediate wheatgrass 
(iwg) 
Oahe 6 
Orchardgrass (or) Pennlate 3 
Tall fescue (tf) Fawn 4 
Timothy (tim) Climax 3 
Alfalfa (in mixture) Ameristand 403T 8 
Alfalfa (alone) Ameristand 403T 16 
 
 
Results and Discussion 
 
Table 2. Alfalfa and Grass Binary Mixture Dry Matter Yield at Beresford in 2005 
 
Alfalfa Mixture 2 June 14 July 29 August Total 
        -------------------------t/Ac------------------------- 
Hybrid brome 2.3 2.3 1.0 5.6 
Intermediate 
wheatgrass 
2.6 2.1 0.9 5.6 
Meadow bromegrass 2.2 2.2 1.0 5.4 
Orchardgrass 2.0 2.1 0.9 5.0 
Smooth bromegrass 2.3 2.2 0.7 5.2 
Tall fescue 1.9 2.0 0.8 4.7 
Timothy 2.3 2.1 1.0 5.4 
Alfalfa alone 1.8 2.5 0.8 5.1 
LSD, 5% 0.3 0.2 0.2 0.5 
CV, 5% 8.4 6.2 14.8 7.2 
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Figure 1: Grass and alfalfa content in binary mixtures on 2 June 2005 at 
Beresford, SD. 
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Figure 2: Grass and alfalfa content in binary mixtures on 14 July 2005 at 
Beresford, SD 
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Figure 3: Grass and alfalfa content in binary mixtures on 29 August 2005 at 
Beresford, SD 
 
Dry matter yield 
 
Yield of alfalfa alone was the least 
while a mixture of intermediate 
wheatgrass and alfalfa had the 
highest yield on 2 June (Table 2). On 
July 14, alfalfa alone produced the 
greatest yield compared with the 
binary mixtures. Tall fescue mixture 
was associated with the least yield. 
Tall fescue is known to go through a 
summer slump as a result of warmer 
summer temperatures. In fact most 
cool-season grasses do not produce 
much biomass in summer. Forage 
yield was about 1 t/acre on 29 
August for all binary mixtures and 
there were no major differences 
among them. In terms of total yields, 
hybrid bromegrass and intermediate 
wheatgrass mixtures with alfalfa 
produced the highest yields while tall 
fescue mixture had the least (Table 
2).  
 
Botanical content 
 
Grass content in all binary mixtures 
comprised at least 50% composition 
except with tall fescue (44%) on 2 
June (Figure 1). Hybrid bromegrass 
had the highest grass content of 
61%. At this sampling date, alfalfa 
comprised less than 50% of 
botanical content while other species 
contributed 2-5% of the sward. 
 
By 14 July the grass content had 
drastically declined to a range of 1 to 
27%. The highest grass content of 
27% was obtained with orchardgrass 
(Figure 2). The high grass content of 
orchardgrass could be explained in 
part due to the fact that orchardgrass 
maintains a vegetative state of 
development longer than most cool-
season grasses. Tall fescue was 
associated with the second highest 
grass content of 20%.  On 14 July, 
alfalfa contributed at least 90% of 
composition except with 
orchardgrass (70%) and tall fescue 
(77%). 
 
Grass content remained low going 
into fall on 29 August with a range of 
2 to 19% (Figure 3). Orchardgrass 
and tall fescue continued to 
represent higher grass content than 
the bromegrasses, wheatgrass or 
timothy. Ironically, the mixtures of 
orchardgrass and tall fescue were 
also associated with the least total 
forage yields. Alfalfa content was 
maintained at a level greater than 
90% for most binary mixtures. 
 
Data from this experiment is 
preliminary and no major 
conclusions should be drawn from it 
until at least two years of data has 
been collected and analyzed.  
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Following early spring frost damage to 
alfalfa, many questions were raised on 
what to do with alfalfa that had been 
significantly injured. Although tolerance 
to frost varies among alfalfa varieties 
and individual plants, it is not always 
related to winter hardiness. In this 
project we superimposed two clipping 
treatments and two harvest timings on a 
four-year old alfalfa stand. Our 
objectives were to evaluate (i) alfalfa 
plants reaction to a clipping after frost, 
(ii) the effect of harvest timing following 
frost damage, and (iii) assess impact of 
treatments on forage quality. 
 
MATERIALS AND METHODS: 
 
A four-year old alfalfa field that had 
suffered significant spring frost damage 
(visual assessment) was selected for 
the study.  The plot sizes were 20 x 3 ft. 
Plots were either clipped or unclipped 
following the spring frost damage. In 
addition, plots were harvested either at 
the normal harvest cycle or delayed for 
two weeks past the normal harvest time. 
Normal harvest time in this case is the 
time at which dairy quality alfalfa is 
harvested around the bud stage of 
development and before flower 
formation. In total there were four 
treatment combinations superimposed 
on the alfalfa and replicated four times. 
In this study we only evaluated the first 
cutting yield, alfalfa growth and forage 
quality.  
 
A three foot jerry mower was used to 
clip the alfalfa following frost damage. At 
each harvest period, a 0.25 m2 quadrat 
was clipped to evaluate (i) stem density, 
(ii) alfalfa growth stage based on Kalu-
Fick method (MSC), and (iii) forage 
quality. 
 
Acid detergent fiber (ADF) and neutral 
detergent fiber (NDF) were analyzed 
using an ANKOM Fiber Analyzer system 
in which alpha amylase was used in the 
digestion. Crude protein (CP) was 
analyzed by combustion in a Rapid 
Vario Max (Elementar Americas, NJ). 
Nitrogen concentration was multiplied by 
6.25 to express on a crude protein 
basis. Data were analyzed using normal 
analysis of variance procedures.  
 
 
RESULTS AND DISCUSSION 
 
A reasonable rule of thumb to follow is 
that if one-third or more of top growth of 
alfalfa has been wilted by frost and is 
drying up, immediate clipping will permit 
early development of a new crop. The 
only concern we have with this rule is 
that it is not backed by solid research 
data to independently validate its 
accuracy.  Our data suggest that if 
alfalfa stands are clipped following frost 
damage the number of stems per unit 
area will increase. However, the 
increased stem density did not translate 
into a higher yield compared with 
unclipped and harvested at the same 
time. When alfalfa was clipped and 
harvest delayed for two weeks beyond 
normal yields were similar to that of 
unclipped alfalfa harvested at the 
normal schedule.  
 1
Table 1: Effect of clipping and harvest timing on alfalfa yield, stem density, mean 
growth stage and forage quality following  spring frost damage at Southeast 
Research Farm, Beresford 2005. 
 
Treatment 
after frost 
Harvest 
time 
Yield 
t/Ac 
Alfalfa 
stems/m2
Alfalfa
MSC 
CP 
 % 
ADF, 
% 
NDF 
% 
TDN 
%  RFV
Clipped Normal  1.11 926 2.4 22.7 29.8 35.1 66.8 175 
Unclipped Normal 1.71 733 3.4 18.8 33.6 40.8 62.7 144 
Clipped Delayed 1.57 907 3.8 18.1 32.7 40.5 63.7 147 
Unclipped Delayed 2.02 745 3.7 18.5 33.0 40.7 63.5 145 
LSD 0.05  0.37 NS 0.8 1.7 NS 4.9 NS 25 
CV, %  14.6 15.0 15.4 5.5 8.0 7.8 4.3 10.2
NS=none significant, MSC=mean stage by count, CP=crude protein, ADF=acid detergent fiber, 
NDF=neutral detergent fiber, TDN=total digestible nutrients, RFV=relative feed value, Normal 
Harvest = around bud stage and before blooms; Delayed  Harvest= 2 weeks after the normal 
harvest, usually at a time when there is at least 20% blooms on the alfalfa. 
 
 
Delaying harvest of unclipped alfalfa 
was associated with the highest forage 
yields but the least forage quality among 
treatments. This is in part due to over-
mature plants compared with other 
treatments as evidenced by the mean 
stage by count numbers (MSC); 3.7 for 
unclipped and delayed harvesting, and 
2.4 for clipped and normal harvest 
(Table 1). The lower the MSC, the less 
mature the plant population. The 
benefits of clipping following frost 
damage seem to be expressed more on 
the forage quality. The relative feed 
value of clipped and normal harvest was 
175 while for unclipped and delayed 
harvesting was 147 (Table 1).  The 
unclipped alfalfa harvested on a normal 
schedule resulted in inferior forage 
quality and was 22% less than the 
clipped and harvested at the same time. 
 
Clearly a clipped alfalfa stand harvested 
at the regular schedule resulted in 65% 
of the yield obtained when the alfalfa 
was not clipped and harvested at the 
same time. On the other hand the 
forage quality benefits were 22% better 
when alfalfa was clipped than unclipped 
harvested at the same time. Producers 
have to make a decision based on their 
operation’s requirements for forage yield 
and quality. If higher yields are desired, 
then clipping after frost is not an option. 
The issue will either be to delay harvest 
or go with the regular schedule. If on the 
other hand, forage quality is a major 
consideration, then clipping and 
harvesting at the regular schedule will 
be the most optimum. 
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INTRODUCTION: 
 
The South Dakota State University’s 
corn breeding and genetics program 
primary foci are to conduct applied 
research in corn breeding and to train 
graduate students.  Specific objectives 
that we would like to achieve are to: 1) 
develop and release inbred lines and 
improved populations that can be used 
to develop hybrids for livestock feed, 
grain production or other value added 
products. Emphasis will be placed on 
yield, adaptation, stress tolerance, and 
pest resistance, 2) evaluate and select 
corn adapted to South Dakota for 
phosphorous and nitrogen content to be 
used as a compliment/supplement to 
DGs/co-product feed, 3) develop open-
pollinated corn varieties, populations, 
and synthetics for sustainable 
agricultural operations (i.e. organic 
farmers) and conventional farming, 4) 
continue to develop white corn as an 
alternative crop, 5) to cooperate with 
Biology and Biotechnology research 
initiatives, and 6) to develop a working 
relationship with corn programs in Tribal 
Colleges.  
 
ACCOMPLISHMENTS: 
 
The corn breeding studies/trials 
conducted at the Southeast Research 
Station during the 2005 growing season 
included: 
 
1. The Corn Breeding Project 
conducted yellow hybrid yield trials.  
Approximately 150 early generation and 
advanced lines were crossed to testers 
last year for yield evaluations in 2005. 
Yield is the primary selection criteria.  
However, lines are evaluated for stress 
tolerance, disease resistance, lodging, 
and overall plant health as well. 
 
Based on preliminary data, 
several yellow inbred testcrosses were 
superior at the Southeast Research 
Station in terms of yield and lodging.  
Yields for the check hybrids ranged from 
121.3 bushels per acre to 198.0 bushels 
per acre, while the top 10% yellow 
inbred testcrosses ranged from 115.5 
bushels per acre to 145.8 bushels per 
acre.  The check hybrids yielded an 
average of 150.5 bushels/acre.  The 
yellow inbred testcrosses (top 10%) 
yielded an average of 123.3 
bushels/acre.  Considering the fact that 
our inbred lines are not genetically 
modified, these results are pleasing.  
The superior inbred lines will be 
advanced for testing to determine the 
relative merit of release to interested 
breeders.  
 
2. We also evaluated a white hybrid 
yield trial consisting of approximately 
100 entries.  This trial, as well as the 
yellow hybrid yield trial, included lines 
that originated in the South Dakota 
State University (SDSU) corn breeding 
program, a few lines that were released 
from other public breeding programs, 
and lines from the private sector.  The 
white inbreds, ranging from 31.9 
bushels per acre to 114.5 bushels per 
acre, did not out perform the check 
hybrids.  However, these white inbreds 
could prove as useful germplasm 
sources. 
 
3. Our MS graduate student 
conducted a study on nitrogen (N) and 
phosphorous (P) concentration in silage 
corn.  Increased ethanol production will 
mean increased distillers grain (DG), 
which is a feed source to livestock.   
Phosphorous and nitrogen content in 
DG is approximately three times greater 
than the content found in corn grain, 
resulting in losses to the environment.  
As a result, the phosphorous and 
nitrogen requirement must be balanced 
when feeding DGs to livestock.  Our 
overall goal is to select adapted corn 
hybrids and make recommendations for 
low-phosphorous and low-nitrogen 
concentration for South Dakota 
producers.  
 
Specific objectives include 
quantifying N an P concentration, 
detection of variance factors 
(environment, location, and year) for N 
and P content, identification of the 
relationship between N and P content 
and tonnage yield, and identifying the 
effect of plant population in N and P 
concentration.  In 2004, three 
replications of 10 hybrids from various 
private companies were planted at two 
population densities at three locations.  
We are currently processing samples for 
P and N concentration analysis. 
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This is a report of the 2005 SE Research 
Farm performance trial for oat varieties and 
experimental lines.  This trial was seeded by 
L. Hall, Research associate, SDSU Oat 
Breeding Project. 
 
Experimental Procedures  
 
Thirteen oat varieties and ten experimental 
lines from the South Dakota State University 
Oat Breeding project were tested.  Each 
entry consisted of four seeded plots 
measuring 5 X 15 feet that were later cut 
back to 5 x8 feet at harvest.  A cone drill 
seeder with seven seed tubes spaced on 7-
inch seed rows was used for planting.  Plots 
were seeded at 1.2 million pure-live-seeds 
per acre on April 6, 2005 into a Trent silt 
loam previously cropped to soybeans.  
Weed control consisted of one application 
of Bronate at 1.0 pint per acre.  Yield (bu/a) 
values were adjusted to 13.5% moisture 
(dry-matter basis) and a bushel weight of 32 
pounds.  Research funding & support 
sources:  The SD Agricultural Experiment 
Station and testing fees obtained from the 
SD Crop Performance Testing Program 
makes these research results possible. 
 
 
Performance trial results 
 
As indicated in table 1 the average yield for 
2005 was 93 bu./acre and for the longer 3-
year period it was 104 bu./acre.  In 2005, 
varieties had to yield 102 bu/acre to be in 
the top performance group for yield; and for 
the 3-year period varieties had to average 
105 bu./acre to qualify for the top 
performance group for yield.  The top 
performance group for yield in 2005 
included the varieties Jerry  and Morraine 
and five of the SD experimental lines.  For 
the longer 3-year period the top 
performance group for yield included the 
varieties Jerry, Don, HiFi, Reeves, Morton, 
and Loyal.  In both 2005 and for the longer 
3-year period none of the hull-less varieties 
(Buff, Stark, or Paul) were in the top 
performance group for yield.  Buff had a 
higher yield than Paul for both 2005 and for 
3-years. 
 
In 2005, the average bushel weight was 33 
lbs. the average grain protein was 15.9%, 
and the average plant height was 42 inches.  
In 2004, varieties with a bushel weight of 40 
lbs. or higher were in the top performance 
group for bushel weight.  This included only 
one variety, the hull-less variety Paul.  
Among the standard varieties, the top 
performance group for bushel weight 
included the varieties Hytest (34 lbs.), Loyal, 
Don, Reeves, and Beach (33 lbs.); and the 
experimental lines SD 366-36, SD 020536, 
and SD 96024A-21 (33 lbs.).  The varieties 
Hytest and Paul (hull-less) tended to have 
the high grain protein.  In 2005, entries had 
to attain a height of 43 inches or more to be 
in the top performance group for maximum 
plant height.  This group included the six 
varieties and three experimental lines.  In 
contrast, entries had to attain a height of 42 
inches or less to be in the top performance 
group for minimum plant height.  This group 
included seven varieties and seven 
experimental lines. 
 
 
 
 
 
 
Table 1. Oat yield averages, Beresford, 2003-05. 
Bu/a at 13% 
moist. 
2005 Averages 
Variety (Hdg.)*             
(By 3-yr then 2005 yield) 2005 3-Yr 
Bu.Wt.     
lb. 
Protein    
% 
Ht.       
in. 
Lodg.Sc
. (1 - 
5)** 
Jerry (5 ) 105+ 123+ 32 15.9 42 3+ 
HiFi (8 ) 96 119+ 32 15.2 41 3+ 
Loyal (8 ) 101 114+ 33 16.2 44+ 3+ 
Morton (7 ) 87 114+ 30 15.5 43+ 3+ 
Don (1 ) 82 111+ 33 14.3 40 4 
Reeves (2 ) 87 109+ 33 16.5 42 4 
Buff Hls (3 ) 84 93 39 17.0 41 3+ 
Hytest (4 ) 60 84 34 18.2+ 46+ 3+ 
Paul Hls (7 ) 58 65 41+ 19.3+ 42 3+ 
SD 021021 120+ . 31 17.2 39 2+ 
SD 020701 108+ . 31 15.3 42 3+ 
SD 020883 106+ . 32 15.3 41 3+ 
SD 366-36 105+ . 34 16.3 46+ 4 
Morraine (2 ) 105+ . 30 15.3 43+ 2+ 
SD 020536 103+ . 33 16.0 43+ 3+ 
Beach (6 ) 97 . 33 15.2 45+ 2+ 
Drumlin (7 ) 97 . 30 15.2 42 3+ 
SD 011315-15 94 . 30 14.7 40 3+ 
SD 366-15 94 . 32 16.1 43+ 4 
SD 96024A-21 90 . 33 14.8 42 3+ 
SD 011315-61 89 . 31 14.8 42 3+ 
SD 011315-59 83 . 29 15.5 41 3+ 
Stark Hls (6 ) 78 . 35 15.9 45+ 3+ 
Test avg. : 93 104 33 15.9 42 3 
High avg. : 120 123 41 19.3 46 4 
Low avg. : 58 65 29 14.3 39 2 
# Lsd(.05) : 18 18 1   3 1 
## TPG-value : 102 105 40   43 3 
### C.V. : 14 11 3   5 18 
* Heading, the relative days to heading, compared to Don. 
** Plant lodging score - 1= all erect, 3= at 45o angle, 5= all flat 
# Lsd, the amount two values in a column must differ to be significantly different. 
## TPG-value, the minimum or maximum value required for the top-performance group (TPG). 
A plus sign (+) indicates values within a column that qualify for the TPG. 
### Coef. of variation, a measure of trial experimental error. 
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This reports the 2005 SE Research Farm 
performance trials for both non-Roundup-
Ready™ and Roundup-Ready™ soybean 
varieties conducted by the South Dakota 
State University Crop Performance Testing 
(CPT) program. 
 
Experimental Procedures 
 
Entries were placed into either a maturity 
group-I or group-II test trial according to 
maturity ratings reported by a given seed 
company. NOTE:  Each company selects 
the appropriate maturity group trial (0, I, or 
II) for their entries at a location.  Generally, 
each company has one or more maturity 
group checks for the varieties they market.  
However, there are no standard regional or 
national check varieties for maturity.  
Consequently, a late group-I variety from 
one company may be similar in maturity to 
an early group-II variety from another 
company because they use different check 
varieties for maturity.  As a result, this 
testing program can not guarantee that all 
entries are placed in the proper maturity 
trial.  In some trials, borderline entries with 
maturity group ratings at or near the 
arbitrary breaks between the late group-I’s 
and early group-II’s may crossover. 
 
Entries were seeded in three replications 
with each variety randomly located within a 
replication. Plots consisted of four 30-inch 
rows, 20 feet long. Plots were seeded at 
Beresford on June 16 and at Delmont on 
June 20, 2005. A Monosem precision row 
crop planter was used for seeding and 
delivered 165,000 seeds per acre, 
regardless, of seed quality and germination 
percentage. Soil inoculation consisted of 
granular Nitragin brand Soybean Soil 
Implant metered down the insecticide tube 
into the seed furrow. 
 
 
 
 
Except for weed control the experimental 
procedures described above apply both to 
the non-Roundup Ready™ and the 
Roundup Ready™ trials.  In the Roundup 
Ready trials two post emergence 
applications of Roundup Ultra (32 oz/acre) 
were applied.  The first when weeds were 2-
4 inches tall, followed by a second 
application when weed growth was again 2-
4 inches tall.  In the non-Roundup Ready™ 
test trials, post-emergence weed control 
consisted of a tank mix of Dual II (2 
pt./ac)/Python (1.33 oz. /ac) on May 14. 
 
Yield values (bu/ac) are an average of three 
replications, adjusted to 13% moisture (dry-
matter basis) and a bushel weight of 60 
pounds.   Yield, least significant difference 
(Lsd), and minimum top-yield values are 
rounded off to the nearest whole bushel per 
acre.  The reported protein and oil values 
are for the current season.  Three replicate 
samples of every variety in each trial was 
combined into one composite sample and 
tested for protein and oil using a FOSS 
TECATOR Model Infratec 1229 grain 
analyzer.  Plant Height was measured from 
the soil surface to the top node of the main 
stem.  Lodging scores are an average of 
how erect the main stem of all the plants are 
at maturity.  1 = all plants erect, 2 = slight 
lodging, 3 = lodging at a 45o angle, 4 = 
severe lodging, and 5 = all plants flat.   
 
Research funding & support sources:  
The SD Agricultural Experiment Station and 
testing fees obtained from the SD Crop 
Performance Testing Program makes these 
research results possible. 
 
 
 
 
 
 
Measurements of Performance
 
Check for the "least significant difference" 
(Lsd) value at the bottom of each column of 
data values.  The reported Lsd values can 
be used in two ways.  First, the Lsd value 
indicates how much a variable such as yield 
must differ between two varieties before 
there is a real yield difference. For example, 
in the early Roundup Ready™ test at 
Beresford (Table 1a), the year 2005 Lsd 
value of 7 bu/ac can be used to compare 
the yields of any two varieties in trial.  If 
variety A yields 55 bu/ac and variety B 
yields 50 bu/ac the yield difference is 5 
bu/ac (55 - 50 = 5).  In this case the two 
varieties do not differ in yield because their 
yield difference of 5 bu/ac is less than the 
reported Lsd value of 7 bu/ac.  In contrast, if 
variety C yields 47 bu/ac the yield difference 
between variety A and variety C would be 8 
bu/ac (55-47 = 8). In this case the yield 
difference of 8 bu/ac is more than the 
reported Lsd value of 7 bu/ac; therefore, 
variety A has a significantly higher yield 
average than variety C.   
The second use for the Lsd value is to 
identify the top group for the current year 
yield, two-year yield, and lodging 
percentage.  For example, in Table 1a the 
highest current year yield was 57 bu/ac.  To 
determine if it is the only top yielding variety 
in this trial use the Lsd value of 7 bu/ac at 
the bottom of the 2005 yield column.  In 
order for varieties to be in the top 
performance group for yield they must yield 
57 bu/ac (57-7 = 50) or higher.  Technically, 
a yield of 51 bu/ac is in the top yield group 
while a yield of 50 bu/ac is not in the top 
yield group.  However, since all yields and 
Lsd values are rounded to the nearest whole 
number.  We can say 50 bu/ac, because of 
the rounding-off, is the more appropriate 
minimum value for top yield varieties in this 
test trial.  Top yield varieties for 2005 are 
those varieties that are equal or higher than 
the minimim top yield group value. In 
addition, the minimum top yield group value 
is indicated for the 2 yr. (2004-05) average 
unless there were no significant yield 
differences.  The minimum yield required to 
qualify for the top performance group for 
yield is listed at the bottom of each yield  
 
 
column (TPG-value). Similarly, the top group 
for lodging at Beresford can be determined. 
For example, in Table 1b, the minimum 
lodging score to qualify for the top 
performance group was 1.  In summary, a 
top performing variety in every performance 
category would have to yield 50 bu/ac or 
higher in 2005, 55 bu/ac or higher for two 
years (table 1a) and have a lodging score of 
1 (table 1b).  Since four samples of each 
entry were combined into a composite 
sample for protein and oil content analysis 
no statistical analysis was conducted to 
determine variety differences in protein and 
oil content. 
 
Performance Trial Results 
 
General:  At Beresford, the maturity group-I 
and -II Roundup Ready™ soybean test 
trials both averaged 51 bu/ac in 2005, while 
the maturity group-I and -II non-Roundup 
Ready™ test trials averaged 45 and 43 
bu/ac, respectively, in 2005.  At Delmont, 
the maturity group-I and -II Roundup 
Ready™ soybean test trials averaged 24 
and 26 bu/ac, respectively, in 2005.  No 
non-Roundup Ready™ test trials were 
conducted at Delmont.  
  
 
Roundup Ready™ varieties:  Results for 
year 2005 and for two-years (2004-05) 
Southern test locations at Beresford and 
Delmont are listed below: 
 
 
Beresford, Group-I (Tables 1a & 1b):  The 
2005 and two-year test yield averages were 
51 and 58 bushels per acre, respectively 
(Table 1a). Varieties had to average 50 
bushels or higher in 2005 and 55 bushels or 
higher for two years to be in the top yield 
group. Variety yield averages had to differ 
by 7 bushels in both 2005 and for two years 
to be significantly different.  The 2005 
protein, oil, and lodging score test averages 
were 34.8%, 18.3%, and 1, respectively 
(Table 1b).  Lodging was not a significant 
factor in 2005. 
 
Delmont, Group-I (Tables 1a & 1b):  The 
2005 and two-year test yield averages were 
24 and 32 bushels per acre, respectively 
(Table 1a). Varieties had to average 27 
bushels or higher in 2005 and 33 bushels or 
higher for two years to be in the top yield 
group. Variety yield averages had to differ 
by 4 bushels in 2005 and 5 bushels for two 
years to be significantly different.  The 2005 
protein, oil, and lodging score test averages 
were 34.5%, 17.3%, and 1, respectively 
(Table 1b).  Lodging was not observed in 
this trial in 2005. 
 
Southern test averages, Group-I (Tables 
1a & 1b):  The 2005 and two-year test yield 
averages in the Southern zone were 38 and 
46 bushels per acre, respectively (Table 
1a). Varieties had to average 38 bushels or 
higher in 2005 and 42 bushels or higher for 
two years to be in the top yield group.  
Variety yield averages had to differ by 4 
bushels in 2005 and 7 bushels for two years 
to be significantly different.  The 2005 
protein, oil, and lodging score test averages 
were 34.6%, 17.8%, and 1, respectively 
(Table 1b). On average lodging was not 
significant in this zone in 2005. 
 
Beresford, Group-II (Tables 2a & 2b):  
The 2005 and two-year test yield averages 
were 51 and 60 bushels per acre, 
respectively (Table 2a). Varieties had to 
average 55 bushels or higher to be in 2005 
and 61 bushels for two years to be in the 
top yield group. Variety yield averages had 
to differ by 6 bushels in both 2005 and for 
two years to be significantly different.  The 
2005 protein, oil, and lodging score test 
averages were 35.2%, 18.0%, and 1, 
respectively (Table 2b).  A lodging score 
average of 1 indicates lodging was not 
significant in this trial in 2005. 
 
Delmont, Group-II (Tables 2a & 2b):  The 
2005 and two-year test yield averages were 
26 and 34 bushels per acre, respectively 
(Table 2a). Varieties had to average 29 
bushels or higher in 2005 and 35 bushels or 
higher for two years to be in the top yield 
group.  Variety yield averages had to differ 
by 4 bushels in both 2005 and for two years 
to be significantly different.  The 2005 
protein, oil, and lodging score test averages 
were 32.8%, 17.8%, and 1, respectively 
(Table 2b). There was no lodging observed 
in this trial for 2005. 
   
Southern test averages, Group-II (Tables 
2a & 2b):  The 2005 and two-year test yield 
averages in the Southern zone were 39 and 
47 bushels per acre, respectively (Table 
2a). Varieties had to average 40 bushels or 
higher in 2005 and 44 bushels or higher for 
two years to be in the top yield group.  
Variety yield averages had to differ by 4 
bushels in 2005 and 7 bushels for two years 
to be significantly different. Yield averages 
differed significantly between locations for 
both 2005 and for two years. Growers are 
encouraged to look at both the 2005 and 
the two-year yield averages at each location 
separately to evaluate average yield trends 
at a given location.  The 2005 protein, oil, 
and lodging score test averages were 
34.0%, 17.9%, and 1, respectively (Table 
2b).  On average lodging was not a 
significant factor in this zone in 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1a. Roundup Ready™ maturity group-I soybean variety yield averages- southern
Brand/Variety Bu/A Bu/A Bu/A Bu/A Bu/A Bu/A
(By 2-yr then 2005 Southern yield) 2005 2-Yr 2005 2-Yr 2005 2-Yr
ASGROW/AG1903 99 52 60 31 38 42 49
NUTECH/NT-1909RR 100 57 62 27 34 42 48
KRUGER/K-192RR 99 57 60 25 32 41 46
KRUGER/K-156RR 93 55 . 26 . 41 .
THOMPSON/T-7205+RR 101 54 . 28 . 41 .
KRUGER/EXP150RR 95 54 . 26 . 40 .
PRAIRIE BR./PB-1914RR 102 51 . 29 35 40 .
KRUGER/EXP180RR 99 52 . 25 . 39 .
PRAIRIE BR./PB-1954RR 96 53 60 25 32 39 46
THOMPSON/T-7214RR 99 53 59 25 34 39 47
NORTHSTAR/NS 1809RR 98 49 . 29 . 39 .
KRUGER/K-195+RR/SCN 97 53 . 22 . 38 .
KRUGER/K-177RR 102 54 . 21 . 38 .
EXP./SDX00R-026-42N 97 52 . 24 . 38 .
NORTHSTAR/NS 1624RR 97 50 . 24 . 37 .
EXP./SDX00R-035-39 94 51 . 22 . 37 .
EXP./SD96-170RR-28L 93 50 54 23 . 37 .
EXP./SD1091RR-4 95 50 . 21 . 36 .
EXP./SD93-828R 92 50 . 22 . 36 .
NORTHSTAR/NS 1509RR 93 48 . 22 . 35 .
KRUGER/K-149+RR 96 46 . 21 . 34 .
EXP./SD01-3219R 97 46 . 22 28 34 .
SODAK GEN./1151RR 93 47 49 20 24 34 37
GOLD COUNTRY/3618RR 96 46 . 20 29 33 .
EXP./SD01-1587R 94 45 . 21 . 33 .
ASGROW/AG1702 96 . . 28 . . .
COYOTE/4719RR 100 . . 25 30 . .
STINE/1918-4 102 53 59 . . . .
Test avg. : 97 51 58 24 32 38 46
High avg. : 102 57 62 31 38 42 49
Low avg. : 92 45 49 20 24 33 37
# Lsd (.05) : 7 7 4 5 4 7
## TPG-avg. : 50 55 27 33 38 42
@ Coef. Var. : 9 7 11 12 10 18
* DTM= average days from seeding (Beresford- June 16, Delmont- June 20, 2005) to maturity.
# Lsd,(.05)= amount values in a column must differ to be significantly different.
## TPG-avg. = minimum value to qualify for top performance group.
@ Coef. Var.= a measure of trial experimental error, 15% or less is best.
Averages
SouthernSouthern Locations
DTM*
Beresford Delmont
 
Prot. Oil Ldg. Prot. Oil Ldg. Prot. Oil Ldg. 
NORTHSTAR/NS 1509RR 93 36.6 16.6 1 36.3 15.4 1 36.5 16.0 1
KRUGER/K-149+RR 96 36.6 17.6 1 35.7 15.8 1 36.2 16.7 1
EXP./SD01-1587R 94 36.5 18.3 1 35.8 16.4 1 36.2 17.4 1
KRUGER/EXP180RR 99 36.1 18.2 1 36.1 17.1 1 36.1 17.7 1
EXP./SD1091RR-4 95 36.7 18.5 1 35.1 17.7 1 35.9 18.1 1
NORTHSTAR/NS 1809RR 98 35.4 17.9 1 34.6 17.8 1 35.0 17.9 1
NUTECH/NT-1909RR 100 34.5 18.1 1 35.3 16.1 1 34.9 17.1 1
PRAIRIE BR./PB-1914RR 102 34.6 18.1 1 35.1 18.3 1 34.9 18.2 1
EXP./SD93-828R 92 34.7 18.8 1 35.0 17.2 1 34.9 18.0 1
KRUGER/K-177RR 102 35.0 18.3 1 34.5 18.6 1 34.8 18.5 1
ASGROW/AG1903 99 34.1 18.3 1 35.2 17.0 1 34.7 17.7 1
THOMPSON/T-7205+RR 101 34.4 18.5 1 34.9 18.3 1 34.7 18.4 1
SODAK GEN./1151RR 93 35.6 17.9 2 33.5 16.9 1 34.6 17.4 1
KRUGER/K-156RR 93 35.0 18.5 1 34.0 17.3 1 34.5 17.9 1
EXP./SD01-3219R 97 35.1 18.2 1 33.7 16.9 1 34.4 17.6 1
PRAIRIE BR./PB-1954RR 96 34.4 18.5 1 34.2 17.6 1 34.3 18.1 1
KRUGER/K-192RR 99 34.6 18.5 1 33.7 17.3 1 34.2 17.9 1
EXP./SD96-170RR-28L 93 34.7 18.3 1 33.5 17.7 1 34.1 18.0 1
KRUGER/K-195+RR/SCN 97 33.8 19.3 1 34.2 19.3 1 34.0 19.3 1
THOMPSON/T-7214RR 99 33.4 18.8 1 34.6 17.4 1 34.0 18.1 1
EXP./SDX00R-026-42N 97 34.0 17.9 1 33.9 16.7 1 34.0 17.3 1
EXP./SDX00R-035-39 94 33.3 18.7 2 33.7 17.8 1 33.5 18.3 1
KRUGER/EXP150RR 95 33.9 18.9 1 32.9 17.8 1 33.4 18.4 1
GOLD COUNTRY/3618RR 96 33.9 18.3 1 32.2 17.3 1 33.1 17.8 1
NORTHSTAR/NS 1624RR 97 32.3 19.0 1 32.7 16.8 1 32.5 17.9 1
ASGROW/AG1702 96 . . . 36.6 17.7 1 . . .
COYOTE/4719RR 100 . . . 34.7 18.1 1 . . .
STINE/1918-4 102 34.4 18.3 1 . . . . . .
Test avg. : 97 34.8 18.3 1 34.5 17.3 1 34.6 17.8 1
High avg. : 102 36.7 19.3 2 36.6 19.3 1 36.5 19.3 1
Low avg. : 92 32.3 16.6 1 32.2 15.4 1 32.5 16.0 1
* Lsd(.05) : 1 NS
## TPG-avg. : 1 1
@ Coef. Var. : 22 0
## TPG-avg. = minimum or maximum value to qualify for top performance group.
* DTM= average days from seeding (Beresford- June 16, Delmont- June 20, 2005) to maturity.
* Lodging, 1= all plants erect, 5= all plants flat.
# Lsd,(.05)= amount values in a column must differ to be significantly different, if
   differences are not significant (NS), NS is indicated.
Table 1b. Roundup Ready™ maturity group-I soybean variety protein, oil, and lodging score
averages- southern South Dakota locations, 2005.
Brand/Variety                               (By 
2005 Southern protein) DTM*
Southern Locations Southern 
AveragesBeresford Delmont
  
 
 
 
 
 
 
 
 
 
 
Table 2a. Roundup Ready™ maturity group-II soybean variety yield averages- southern 
South Dakota locations, 2003-2005. 
Southern Locations 
Beresford Delmont 
Southern 
Averages Brand/Variety                   
(By 2-yr then 2005 Southern 
yield) DTM*
Bu/ac   
2005 
Bu/ac   
2-Yr 
Bu/ac 
2005 
Bu/ac   
2-Yr 
Bu/ac 
2005 
Bu/ac   
2-Yr 
DEKALB/DKB25-51 104 55 63 33 39 44 51 
PRAIRIE BR./PB-2141RR 102 56 63 30 36 43 50 
COYOTE/4527RR 105 55 62 31 36 43 49 
KRUGER/K-289+RR 105 55 60 31 37 43 49 
FARM ADVANTAGE/FA 7264 106 54 61 29 37 42 49 
SANDS/SOI 2754RR 104 52 62 29 36 41 49 
PRAIRIE BR./PB-2421RR 101 54 62 28 35 41 49 
MUSTANG/M-203RR 101 57 61 29 35 43 48 
KRUGER/K-233+RR 101 57 62 28 33 43 48 
COYOTE/9524RR 102 56 62 28 34 42 48 
MUSTANG/M-264RR 104 53 59 30 37 42 48 
PRAIRIE BR./PB-2343RR 101 55 63 26 33 41 48 
ASGROW/AG2403 102 57 63 23 32 40 48 
PRAIRIE BR./PB-2643RR 106 51 59 29 36 40 48 
SANDS/EXP 2669RR 103 51 58 29 36 40 47 
DAIRYLAND/DSR-234/RR 99 50 59 28 34 39 47 
DAIRYLAND/DSR-2500/RR 101 51 61 26 32 39 47 
KRUGER/K-270RR 102 54 57 29 35 42 46 
PRAIRIE BR./PB-2243RR 101 55 61 25 31 40 46 
SANDS/SOI 2143RR 101 50 60 24 32 37 46 
KRUGER/K-273RR 104 49 55 30 35 40 45 
SANDS/SOI 2169RR 96 49 58 26 31 38 45 
NUTECH/NT-2707RR 102 50 56 26 33 38 45 
KRUGER/K-200RR 96 52 59 23 31 38 45 
RENK/RS253RR 102 47 57 23 32 35 45 
SANDS/SOI 2872RR 103 50 54 26 34 38 44 
EXP./SDX00R-039-42 102 45 53 26 31 36 42 
MUSTANG/M-205RR 97 58 . 30 . 44 . 
SANDS/SOI 2448RR 102 58 . 29 . 44 . 
SANDS/SOI 2151NRR 97 58 63 27 . 43 . 
LATHAM/L2336R 101 56 . 30 . 43 . 
COYOTE/EXP922 100 55 . 28 . 42 . 
NUTECH/NT-2890RR 105 54 . 29 . 42 . 
INTEGRA/PSI 96280RR 105 53 . 30 . 42 . 
LATHAM/L2136R 100 58 62 23 . 41 . 
THOMPSON/T-2100RR 100 54 . 28 . 41 . 
THOMPSON/T-2919RR/SCN 107 51 . 30 . 41 . 
RENK/RS265RR 103 58 . 23 . 41 . 
SANDS/SOI 2673RR 103 53 . 26 . 40 . 
INTEGRA/PSI 95200RR 97 56 . 23 . 40 . 
INTEGRA/PSI 96210RR 100 55 . 25 . 40 . 
LATHAM/EXP-E2450R 102 54 58 26 . 40 . 
PRAIRIE BR./PB-2205RR 101 52 . 28 . 40 . 
DYNA-GRO/31N27 105 49 . 31 . 40 . 
NUTECH/NT-2626RR 102 53 . 25 . 39 . 
 
Table 2a. Roundup Ready™ maturity group-II soybean variety yield averages- southern 
South Dakota locations, 2003-2005 (continued). 
Southern Locations 
Beresford Delmont 
Southern 
Averages Brand/Variety                   
(By 2-yr then 2005 Southern 
yield) DTM*
Bu/ac   
2005 
Bu/ac   
2-Yr 
Bu/ac   
2005 
Bu/ac   
2-Yr 
Bu/ac   
2005 
Bu/ac   
2-Yr 
KRUGER/K-212RR 98 52 . 25 . 39 . 
KRUGER/EXP280RR 103 50 . 28 . 39 . 
GOLD COUNTRY/2726RR 104 50 . 28 . 39 . 
DAIRYLAND/DSR-2600/RR 100 50 . 27 . 39 . 
PRAIRIE BR./PB-2385NRR 100 49 . 28 . 39 . 
DYNA-GRO/32C25 103 50 . 27 . 39 . 
THOMPSON/T-7206RR 99 54 . 24 . 39 . 
EXP./SDX00R-035-56 102 52 . 26 . 39 . 
COYOTE/EXP624 102 50 . 25 . 38 . 
FARM ADVANTAGE/FA7244N 101 53 . 22 . 38 . 
DEKALB/DKB26-53 105 53 . 22 . 38 . 
SANDS/SOI 2884RR 105 51 . 25 . 38 . 
NUTECH/NT-2330RR 102 52 . 23 . 38 . 
NUTECH/NT-2992RR 107 49 . 27 . 38 . 
INTEGRA/PSI 96230RR 98 50 . 25 . 38 . 
KRUGER/EXP260RR 104 46 . 30 . 38 . 
LATHAM/EXP-E2635R 103 49 56 27 . 38 . 
LATHAM/L2900R 105 53 60 23 . 38 . 
DAIRYLAND/DSR-2100/RR 100 49 . 26 . 38 . 
PRAIRIE BR./PB-2565RR 103 51 . 25 . 38 . 
EXP./SD01-1135R 96 52 . 24 31 38 . 
NUTECH/NT-2324RR/SCN 101 50 . 24 . 37 . 
NUTECH/NT-2424RR/SCN 99 48 . 26 . 37 . 
NUTECH/NT-2990RR 106 50 . 24 . 37 . 
KRUGER/K-223+RR 99 51 . 23 . 37 . 
PRAIRIE BR./PB-2183NRR 97 51 . 22 . 37 . 
PRAIRIE BR./PB-2345RR 97 48 . 25 . 37 . 
PRAIRIE BR./PB-2625RR 101 49 . 25 . 37 . 
MUSTANG/M-226RR 98 46 . 25 . 36 . 
SANDS/SOI 2467NRR 100 50 . 21 . 36 . 
INTEGRA/PSI 96260RR 102 46 . 25 . 36 . 
KRUGER/K-255RR 101 45 . 26 . 36 . 
LATHAM/497RR 99 49 60 22 . 36 . 
STINE/2688-4 102 47 . 24 . 36 . 
NUTECH/NT-2790RR 103 45 . 24 . 35 . 
DYNA-GRO/EXP SX05123 97 48 . 21 . 35 . 
EXP./SDX00R-046-28 102 44 . 25 . 35 . 
EXP./SD01-3025R 105 42 . 24 . 33 . 
EXP./SD01-3387R 99 44 . 22 . 33 . 
EXP./SDX02R-584 98 40 . 24 . 32 . 
ASGROW/AG2107 100 . . 22 31 . . 
ASGROW/AG2205 96 . . 23 . . . 
COYOTE/4523RR 101 51 57 . . . . 
MUSTANG/M-201RR 104 61 67 . . . . 
MUSTANG/M-284RR 104 49 61 . . . . 
 
Table 2a. Roundup Ready™ maturity group-II soybean variety yield averages- southern 
South Dakota locations, 2003-2005 (continued). 
Southern Locations 
Beresford Delmont 
Southern 
Averages Brand/Variety                   
(By 2-yr then 2005 Southern 
yield) DTM*
Bu/ac   
2005 
Bu/ac   
2-Yr 
Bu/ac   
2005 
Bu/ac   
2-Yr 
Bu/ac   
2005 
Bu/ac   
2-Yr 
MUSTANG/M-286NRR 104 49 . . . . . 
DEKALB/DKB22-52 104 55 61 . . . . 
KALTENBERG/KB241RR 104 52 . . . . . 
KALTENBERG/KB248RR 101 48 . . . . . 
KALTENBERG/KB256RR 104 54 . . . . . 
KALTENBERG/KB276RR 107 54 . . . . . 
STINE/2116-4 97 . . 24 33 . . 
STINE/2402-4 100 50 . . . . . 
STINE/2743-4 108 . . 28 . . . 
ZILLER/BT 7215R 101 57 65 . . . . 
ZILLER/BT 7236R 102 49 . . . . . 
THOMPSON/T-3100RR 108 49 . . . . . 
THOMPSON/T-3101RR 108 52 . . . . . 
Test avg. : 102 51 60 26 34 39 47 
High avg. : 108 61 67 33 39 44 51 
Low avg. : 96 40 53 21 31 32 42 
# Lsd (.05) :   6 6 4 4 4 7 
## TPG-avg. :   55 61 29 35 40 44 
@ Coef. Var. :   7 6 10 9 8 18 
* DTM= average days from seeding (Beresford- June 16, Delmont- June 20, 2005) to maturity. 
# Lsd,(.05)= amount values in a column must differ to be significantly different, if 
differences are not significant (NS), NS is indicated. 
## TPG-avg. = minimum value to qualify for top performance group. 
@ Coef. Var.= a measure of trial EXP. error, 15% or less is best. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2b. Roundup Ready™ maturity group-II soybean variety protein, oil, and lodging score 
averages- southern South Dakota locations, 2005. 
Southern Locations 
Beresford Delmont 
Southern 
Averages 
Brand/Variety                 
(By 2005 Southern protein) DTM*
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
EXP./SD01-3387R 99 38.1 17.2 2 35.7 16.5 1 36.9 16.9 2 
KRUGER/K-212RR 98 36.8 16.8 1 36.0 15.8 1 36.4 16.3 1 
KRUGER/EXP260RR 104 36.9 17.7 1 34.8 18.2 1 35.9 18.0 1 
THOMPSON/T-2100RR 100 37.9 17.7 1 33.5 17.9 1 35.7 17.8 1 
KRUGER/K-255RR 101 36.3 17.5 1 34.9 18.3 1 35.6 17.9 1 
EXP./SDX00R-046-28 102 36.9 16.9 3 34.1 16.9 1 35.5 16.9 2 
KRUGER/K-273RR 104 36.7 17.9 2 34.1 18.0 1 35.4 18.0 1 
GOLD COUNTRY/2726RR 104 35.9 17.6 2 34.7 17.9 1 35.3 17.8 1 
LATHAM/L2336R 101 35.8 18.4 1 34.6 17.6 1 35.2 18.0 1 
COYOTE/EXP624 102 36.3 18.0 1 33.9 18.3 1 35.1 18.2 1 
RENK/RS253RR 102 35.8 17.8 1 34.4 18.3 1 35.1 18.1 1 
PRAIRIE BR./PB-2625RR 101 35.7 17.8 1 34.2 17.5 1 35.0 17.7 1 
KRUGER/K-233+RR 101 36.5 18.1 1 33.3 17.6 1 34.9 17.9 1 
INTEGRA/PSI 96230RR 98 36.0 17.2 1 33.6 18.0 1 34.8 17.6 1 
DAIRYLAND/DSR-234/RR 99 36.9 18.1 1 32.6 17.3 1 34.8 17.7 1 
STINE/2688-4 102 36.4 18.4 2 33.1 18.1 1 34.8 18.3 1 
NUTECH/NT-2707RR 102 36.7 17.1 1 32.7 17.4 1 34.7 17.3 1 
INTEGRA/PSI 96260RR 102 36.5 17.3 1 32.9 17.8 1 34.7 17.6 1 
PRAIRIE BR./PB-2385NRR 100 35.7 17.9 2 33.6 18.3 1 34.7 18.1 1 
DAIRYLAND/DSR-2500/RR 101 35.5 17.7 1 33.8 17.8 1 34.7 17.8 1 
KRUGER/K-270RR 102 34.9 18.5 3 34.2 18.1 1 34.6 18.3 2 
PRAIRIE BR./PB-2205RR 101 36.5 17.7 1 32.6 18.4 1 34.6 18.1 1 
EXP./SD01-1135R 96 35.8 17.7 2 33.3 16.6 1 34.6 17.2 2 
NUTECH/NT-2330RR 102 34.6 18.2 1 34.4 18.1 1 34.5 18.2 1 
NUTECH/NT-2626RR 102 35.8 17.9 1 33.1 17.5 1 34.5 17.7 1 
NUTECH/NT-2992RR 107 34.9 17.7 1 34.0 17.9 1 34.5 17.8 1 
PRAIRIE BR./PB-2243RR 101 35.2 18.3 2 33.7 17.1 1 34.5 17.7 1 
NUTECH/NT-2790RR 103 37.1 17.9 2 31.7 17.8 1 34.4 17.9 2 
SANDS/EXP 2669RR 103 35.5 17.7 2 33.2 18.2 1 34.4 18.0 1 
PRAIRIE BR./PB-2565RR 103 36.5 17.5 1 32.2 17.6 1 34.4 17.6 1 
DYNA-GRO/EXP SX05123 97 36.1 16.8 1 32.6 17.4 1 34.4 17.1 1 
MUSTANG/M-203RR 101 33.9 18.4 1 34.8 17.2 1 34.3 17.8 1 
KRUGER/K-289+RR 105 35.9 18.4 2 32.8 17.1 1 34.3 17.8 1 
DYNA-GRO/32C25 103 35.5 18.1 1 33.0 17.1 1 34.3 17.6 1 
MUSTANG/M-226RR 98 36.1 17.1 1 32.3 18.6 1 34.2 17.9 1 
LATHAM/EXP-E2450R 102 35.8 16.8 2 32.6 18.2 1 34.2 17.5 2 
LATHAM/L2900R 105 35.2 18.2 1 33.2 17.1 1 34.2 17.7 1 
PRAIRIE BR./PB-2343RR 101 35.7 17.3 2 32.6 17.5 1 34.2 17.4 1 
MUSTANG/M-205RR 97 35.4 18.2 2 32.9 17.9 1 34.2 18.1 1 
DAIRYLAND/DSR-2100/RR 100 36.9 16.9 1 31.4 16.5 1 34.2 16.7 1 
PRAIRIE BR./PB-2345RR 97 35.8 16.8 1 32.5 18.1 1 34.2 17.5 1 
PRAIRIE BR./PB-2421RR 101 35.4 18.7 2 32.8 19.0 1 34.1 18.9 1 
SANDS/SOI 2754RR 104 34.7 18.8 2 33.4 18.0 1 34.1 18.4 1 
NUTECH/NT-2424RR/SCN 99 35.2 18.4 1 32.9 18.4 1 34.1 18.4 1 
KRUGER/EXP280RR 103 35.9 18.0 2 32.2 18.1 1 34.1 18.1 2 
Table 2b. Roundup Ready™ maturity group-II soybean variety protein, oil, and lodging score 
averages- southern South Dakota locations, 2005 (continued). 
Southern Locations 
Beresford Delmont 
Southern 
Averages 
Brand/Variety                 
(By 2005 Southern protein) DTM*
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
LATHAM/497RR 99 35.0 18.3 1 33.1 18.3 1 34.1 18.3 1 
COYOTE/EXP922 100 35.4 17.9 1 32.5 17.9 1 34.0 17.9 1 
SANDS/SOI 2673RR 103 34.4 18.5 2 33.5 18.1 1 34.0 18.3 2 
DEKALB/DKB26-53 105 35.9 17.7 2 31.9 18.4 1 33.9 18.1 2 
KRUGER/K-200RR 96 34.5 18.4 1 33.0 17.9 1 33.8 18.2 1 
THOMPSON/T-7206RR 99 34.5 18.6 1 32.9 18.1 1 33.7 18.4 1 
THOMPSON/T-2919RR/SCN 107 35.0 18.4 2 32.4 18.0 1 33.7 18.2 2 
EXP./SD01-3025R 105 34.5 17.7 3 32.9 17.5 1 33.7 17.6 2 
SANDS/SOI 2872RR 103 35.1 18.6 2 32.1 17.7 1 33.6 18.2 2 
INTEGRA/PSI 96210RR 100 35.0 18.2 1 32.2 17.7 1 33.6 18.0 1 
LATHAM/EXP-E2635R 103 34.2 15.5 2 32.9 18.2 1 33.6 16.9 1 
NUTECH/NT-2990RR 106 35.2 18.0 2 31.8 19.1 1 33.5 18.6 2 
PRAIRIE BR./PB-2141RR 102 33.6 18.8 1 33.4 18.6 1 33.5 18.7 1 
PRAIRIE BR./PB-2643RR 106 33.5 18.5 2 33.5 17.9 1 33.5 18.2 1 
SANDS/SOI 2169RR 96 35.5 18.2 2 31.4 18.0 1 33.5 18.1 1 
SANDS/SOI 2467NRR 100 35.0 19.0 1 31.9 18.4 1 33.5 18.7 1 
KRUGER/K-223+RR 99 34.0 18.2 1 32.9 17.4 1 33.5 17.8 1 
COYOTE/4527RR 105 34.2 19.2 2 32.6 18.3 1 33.4 18.8 1 
FARM ADVANTAGE/FA7244N 101 34.6 18.7 1 32.2 18.0 1 33.4 18.4 1 
SANDS/SOI 2884RR 105 35.2 18.2 2 31.6 18.8 1 33.4 18.5 1 
LATHAM/L2136R 100 33.3 18.5 1 33.5 17.0 1 33.4 17.8 1 
NUTECH/NT-2324RR/SCN 101 34.7 18.8 1 31.9 18.9 1 33.3 18.9 1 
RENK/RS265RR 103 34.0 18.4 1 32.6 18.2 1 33.3 18.3 1 
EXP./SDX02R-584 98 35.5 17.8 2 30.8 18.7 1 33.2 18.3 2 
SANDS/SOI 2143RR 101 34.1 17.9 1 32.1 17.9 1 33.1 17.9 1 
MUSTANG/M-264RR 104 32.8 18.6 1 33.2 17.3 1 33.0 18.0 1 
SANDS/SOI 2448RR 102 34.0 19.1 1 32.0 18.1 1 33.0 18.6 1 
NUTECH/NT-2890RR 105 34.5 18.6 2 31.5 17.9 1 33.0 18.3 2 
FARM ADVANTAGE/FA 7264 106 35.1 18.1 2 30.8 18.2 1 33.0 18.2 2 
INTEGRA/PSI 95200RR 97 34.5 19.1 1 31.3 18.9 1 32.9 19.0 1 
INTEGRA/PSI 96280RR 105 34.5 18.5 2 31.3 18.2 1 32.9 18.4 1 
PRAIRIE BR./PB-2183NRR 97 33.3 19.0 1 32.4 18.8 1 32.8 18.9 1 
COYOTE/9524RR 102 34.0 18.8 1 31.0 18.8 1 32.5 18.8 1 
SANDS/SOI 2151NRR 97 33.1 19.2 1 31.9 17.7 1 32.5 18.5 1 
EXP./SDX00R-035-56 102 34.0 17.8 2 31.0 17.4 1 32.5 17.6 2 
DYNA-GRO/31N27 105 33.3 18.6 1 31.5 18.6 1 32.4 18.6 1 
DAIRYLAND/DSR-2600/RR 100 33.5 18.4 1 30.7 18.3 1 32.1 18.4 1 
ASGROW/AG2403 102 33.8 19.2 1 29.6 19.3 1 31.7 19.3 1 
DEKALB/DKB25-51 104 33.0 18.6 2 29.3 19.3 1 31.2 19.0 1 
EXP./SDX00R-039-42 102 33.0 18.0 2 28.4 18.2 1 30.7 18.1 2 
ASGROW/AG2107 100 . . . 33.4 18.0 1 . . . 
ASGROW/AG2205 96 . . . 34.8 16.1 1 . . . 
COYOTE/4523RR 101 36.2 17.5 1 . . . . . . 
MUSTANG/M-201RR 104 34.0 19.0 1 . . . . . . 
MUSTANG/M-284RR 104 37.3 17.2 1 . . . . . . 
Table 2b. Roundup Ready™ maturity group-II soybean variety protein, oil, and lodging score 
averages- southern South Dakota locations, 2005 (continued). 
Southern Locations 
Beresford Delmont 
Southern 
Averages 
Brand/Variety                
(By 2005 Southern protein) DTM* 
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
Prot. 
(%) 
Oil 
(%) 
Ldg. 
(1-
5)* 
MUSTANG/M-286NRR 104 35.6 17.7 2 . . . . . . 
DEKALB/DKB22-52 104 34.5 18.1 2 . . . . . . 
KALTENBERG/KB241RR 104 35.4 17.9 1 . . . . . . 
KALTENBERG/KB248RR 101 36.0 17.6 2 . . . . . . 
KALTENBERG/KB256RR 104 36.5 18.0 2 . . . . . . 
KALTENBERG/KB276RR 107 34.3 18.5 2 . . . . . . 
STINE/2116-4 97 . . . 33.7 17.9 1 . . . 
STINE/2402-4 100 35.1 18.0 2 . . . . . . 
STINE/2743-4 108 . . . 32.6 18.3 1 . . . 
ZILLER/BT 7215R 101 34.9 19.0 1 . . . . . . 
ZILLER/BT 7236R 102 36.0 17.3 2 . . . . . . 
THOMPSON/T-3100RR 108 35.0 18.0 1 . . . . . . 
THOMPSON/T-3101RR 108 35.1 17.5 2 . . . . . . 
Test avg. : 102 35.2 18.0 1 32.8 17.8 1 34.0 17.9 1 
High avg. : 108 38.1 19.2 3 36.0 19.3 1 36.9 19.3 2 
Low avg. : 96 32.8 15.5 1 28.4 15.8 1 30.7 16.3 1 
* Lsd(.05) :       1     NS       
## TPG-avg. :       1     1       
@ Coef. Var. :       31     0       
* DTM= average days from seeding (Beresford- June 16, Delmont- June 20, 2005) to maturity. 
* Lodging, 1= all plants erect, 5= all plants flat. 
# Lsd,(.05)= amount values in a column must differ to be significantly different, if 
   differences are not significant (NS), NS is indicated. 
## TPG-avg. = minimum or maximum value to qualify for top performance group. 
 
 
 
Non-Roundup Ready™ varieties:  Results 
for year 2005 and for two-years (2004-05) 
Maturity group-I and -II test trials at 
Beresford are listed below: 
 
Beresford, Group-I (Tables 3a & 3b):  The 
2005 and two-year test yield averages were 
45 and 53 bushels per acre, respectively 
(Table 3a).  Varieties had to average 45 
bushels or higher in 2005 and 51 bushels or 
higher for two years to be in the top 
performance group for yield. Variety yield 
averages had to differ by 7 bushels in 2005 
and 9 bushels for two years to be 
significantly different.  The 2005 protein, oil, 
and lodging score test averages were 
36.3%, 18.3%, and 1, respectively (Table 
3b). Although lodging was significant it did 
not have a major impact on yield in this trial 
in 2005.  
 
Beresford, Group-II (Tables 3a & 3b):  
The 2005 and two-year test yield averages 
were 43 and 53 bushels per acre, 
respectively (Table 3a).  Varieties had to 
average 43 bushels or higher in 2005 and 
46 bushels or higher for two years to be in 
the top performance group for yield. Variety 
yield averages had to differ by 5 bushels in 
2005 to be significantly different.  There was 
no difference in yield average between the 
varieties tested for two years.  The 2005 
protein, oil, and lodging score test averages 
were 34.0%, 18.6%, and 1, respectively 
(Table 3b). Although lodging was significant 
it did not have a major impact on yield in 
this trial in 2005.  
 
Table 3a. Non-Roundup Ready maturity group-I & -II soybean variety yield 
averages- Beresford, South Dakota, 2004-2005. 
Averages by Maturity Group 
MG-I MG-II Brand/Variety                 
(By maturity group & 2005 
yield) DTM*
Bu/ac   
2005 
Bu/ac   
2-Yr 
Bu/ac   
2005 
Bu/ac   
2-Yr 
LATHAM/L1840 126 52 60 . . 
LATHAM/L1763 123 48 58 . . 
EXP./SD02-847 121 48 . . . 
EXP./SD02-906 123 48 . . . 
EXP./SD00-1962 123 47 . . . 
EXP./SD00-632 125 46 . . . 
EXP./SDX98-74331 125 45 50 . . 
EXP./SD00-1391 121 44 . . . 
EXP./SD00-1455 121 44 . . . 
EXP./SD02-14 125 43 . . . 
EXP./SD00-533 122 36 45 . . 
EXP./SD00-405 119 35 . . . 
EXP./SD02-22 126 . . 48 . 
SANDS/SOI 256 127 . . 45 55 
LATHAM/EXP-E2400 128 . . 45 . 
COYOTE/5525 133 . . 43 56 
EXP./SD02-26 129 . . 43 . 
EXP./SD98-99-2 129 . . 42 54 
SANDS/SOI 288 130 . . 41 55 
EXP./SD00-314 125 . . 41 46 
EXP./SD00-732 126 . . 40 52 
EXP./SD00-1413 126 . . 38 . 
Test avg. : 125 45 53 43 53 
High avg. : 133 52 60 48 56 
Low avg. : 119 35 45 38 46 
# Lsd (.05) :   7 9 5 NS 
## TPG-avg. :   45 51 43 46 
@ Coef. Var. :   10 8 7 6 
* DTM= average days from seeding on June 16, 2005 to maturity. 
# Lsd,(.05)= amount values in a column must differ to be significantly 
different, if 
differences are not significant (NS), NS is indicated. 
## TPG-avg. = minimum value to qualify for top performance group. 
@ Coef. Var.= a measure of trial experimental error, 15% or less is best. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3b. Non-Roundup Ready maturity group-I & -II soybean variety protein, oil, 
and lodging score averages- Beresford, South Dakota, 2005. 
2005 Averages by Maturity Group 
MG-I MG-II Brand/Variety              
(By maturity group & 
protein) DTM* 
Protei
n % 
Oil 
% 
Ldg.* 
(1-5) 
Protei
n % 
Oil 
% 
Ldg.* 
(1-5) 
EXP./SD00-1455 121 39.4 18.2 1 . . . 
EXP./SDX98-74331 125 39.0 17.4 1 . . . 
EXP./SD00-1962 123 38.3 17.2 1 . . . 
EXP./SD00-1391 121 37.1 18.7 2 . . . 
EXP./SD00-405 119 36.4 18.6 1 . . . 
EXP./SD02-847 121 35.9 18.3 1 . . . 
LATHAM/L1840 126 35.8 19.1 1 . . . 
EXP./SD00-533 122 35.4 17.5 2 . . . 
EXP./SD00-632 125 35.3 17.8 1 . . . 
EXP./SD02-906 123 34.6 19.0 1 . . . 
LATHAM/L1763 123 34.5 19.0 1 . . . 
EXP./SD02-14 125 34.2 18.3 2 . . . 
EXP./SD00-1413 126 . . . 38.3 17.5 1 
EXP./SD00-732 126 . . . 35.2 19.0 1 
EXP./SD02-26 129 . . . 35.2 17.5 1 
LATHAM/EXP-E2400 128 . . . 35.1 19.0 1 
EXP./SD02-22 126 . . . 33.9 18.1 1 
SANDS/SOI 256 127 . . . 33.8 18.9 1 
COYOTE/5525 133 . . . 33.2 18.2 2 
EXP./SD00-314 125 . . . 32.8 20.0 1 
EXP./SD98-99-2 129 . . . 31.7 19.7 1 
SANDS/SOI 288 130 . . . 31.1 18.4 1 
Test avg. : 125 36.3 18.3 1 34.0 18.6 1 
High avg. : 133 39.4 19.1 2 38.3 20.0 2 
Low avg. : 119 34.2 17.2 1 31.1 17.5 1 
* Lsd(.05) :       1     1 
## TPG-avg. :       1     1 
@ Coef. Var. :       35     23 
* DTM= average days from seeding on June 16, 2005 to maturity. 
* Lodging, 1= all plants erect, 5= all plants flat. 
# Lsd,(.05)= amount values in a column must differ to be significantly different, if 
differences are not significant (NS), NS is indicated. 
## TPG-avg. = minimum or maximum value to qualify for top performance group. 
@ Coef. Var.= measure of trial experimental error. 
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This reports the 2005 SE Research Farm 
performance trials for both non-Roundup-
Ready™ and Roundup-Ready™ corn 
hybrids conducted by the South Dakota 
State University Crop Performance Testing 
(CPT) program. 
 
Experimental Procedures 
 
Entries were placed into either an early or 
late maturity trial according to ratings 
reported by a given seed company.  The 
break between the early and late test was 
110-day for both the non-Roundup Ready™ 
and Roundup Ready™ hybrid trials.  Entries 
were seeded in three replications with each 
hybrid randomly located within a replication. 
Plots consisted of four 30-inch rows, 20 feet 
long. Plots were seeded on May 3, 2005 
into a Trent silt loam previously cropped to 
soybeans. A Monosem precision row crop 
planter was used for seeding plots.  During 
seeding a starter fertilizer of 100 
pounds/acre of 37-18-00 was applied 2” 
below and 2” to the side (2x2) of the seed 
row.  The precision planter was calibrated 
and delivered 27,878 seeds per acre, 
regardless, of seed quality and germination 
percentage.  Therefore, the harvest 
population is an indication of initial seed 
quality and the ability of the seed to cope 
with the production environment.  At 
planting, Force insecticide was applied in 
furrow at its label rate. 
 
In both the non-Roundup Ready™ and 
Roundup Ready™ trials pre-emergence 
weed control consisted of Dual Clarity at 
recommended label rates.  Post-emergence 
weed control was not needed in either trial. 
 
Research funding & support sources:  
The SD Agricultural Experiment Station and 
SD Crop Performance Testing Program 
testing fees makes these research results 
possible. 
 
Measurements of Performance 
 
Yield values are an average of three 
replicates (plots), and are expressed as 
bushels per acre, adjusted to 15.5% 
moisture on a dry-matter basis and a bushel 
weight of 56 pounds.  Moisture content is 
expressed as the percentage of moisture in 
the shelled grain at harvest. 
 
Check for the "least significant difference" 
(Lsd) value at the bottom of each column of 
data values.  The reported Lsd values can 
be used in two ways.  First, the Lsd value 
indicates how much a variable such as yield 
must differ between two hybrids before 
there is a real yield difference. For example, 
in the early non-Roundup Ready™ test 
(Table 1), the year 2005 Lsd value of 19 
bu/ac can be used to compare the yields of 
any two hybrids in the early maturity trial.  If 
hybrid A yields 222 bu/ac and hybrid B 
yields 204 bu/ac the yield difference is 18 
bu/ac (222 - 204 = 18).  In this case the two 
hybrids do not differ in yield because their 
yield difference of 18 bu/ac is less than the 
reported Lsd value of 19 bu/ac.  In contrast, 
if hybrid C yields 202 bu/ac the yield 
difference between hybrid A and hybrid C 
would be 20 bu/ac (222-202 = 20). In this 
case the yield difference of 20 bu/ac is more 
than the reported Lsd value of 19 bu/ac; 
therefore, hybrid A would have a 
significantly higher yield than hybrid C.   
 
The second use for the Lsd value is to 
identify the top group for the current year 
yield, two-year yield, bushel weight, grain 
moisture at harvest, and stalk lodging below 
the ear percentage.  For example, in the 
non-Roundup Ready™ hybrid early maturity 
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trial (Table 1) the highest current year yield 
was 222 bu/ac. Is this the best yield 
average in the trial?  Use the Lsd value of 
19 bu/ac at the bottom of the 2005 yield 
column to make your determination.  In 
order for hybrids to be in the top 
performance group for yield they must yield 
203 bu/ac (222-19 = 203) or higher.  
Technically, a yield of 204 bu/ac would be in 
the top yield group while a yield of 203 
bu/ac would not be in the top yield group.  
However, since all yields and Lsd values 
are rounded to the nearest whole number.  
We can say 203 bu/ac, because of the 
rounding-off, is the more appropriate 
minimum value for top yield hybrids in this 
early maturity test in 2005.  Top yield 
hybrids for 2005 are those hybrids that are 
equal or higher than the minimim top yield 
group value. In addition, the minimum top 
yield group value is indicated for the 2 yr. 
(2004-05) average unless there were no 
significant yield differences.  The minimum 
yield required to qualify for the top 
performance group for yield is listed at the 
bottom of each yield column (TPG-value). 
 
Similarly, the top group for other 
performance factors like bushel weight, 
grain moisture at harvest, and stalk lodging 
below the ear percentage can be 
determined. For example, in the early 
maturity test (Table 1), the minimum bushel 
weight value to qualify for the top group was 
58 lbs. Note that yield and bushel weight 
values needed to qualify for the top group 
are reported as a minimum top group value.  
In contrast, the grain moisture and lodging 
below the ear percentages needed to 
qualify for the top-group are reported as a 
maximum top group value.  In other words, 
yield and bushel weight top-group values 
must exceed a certain value while grain 
moisture and lodging below ear 
percentages must be equal to or less than 
certain percentage to qualify for the top 
group depending on the performance factor 
measured.  In Table 1 current year yields 
must equal 203 bu/ac or higher, bushel 
weight must be 58 lbs. or higher, grain 
moisture must be 16% or lower, and stalk 
lodging below the ear must be 2% or less, 
and the percent of stand at harvest must be 
96% or more to be in the top group for these 
factors .  
 
 
Performance Trial Results 
 
General:  The non-Roundup Ready™ early 
and late trials this year averaged 205 and 
192 bu/ac, respectively; while the Roundup 
Ready™ early and late trials averaged 191 
and 203 bu/ac, respectively. 
 
Non-Roundup Ready™ corn results for year 
2005 and for two-years (2004-05) are listed 
below: 
 
Early - Non-Roundup Ready™, Tables 1.  
The test trial yield average (Table 1) was 
205 bu/ac for year 2005 and 223 bu/ac for 
two years (2004-05).  Hybrids that yielded 
203 bu/ac or more in 2005 and 224 bu/ac or 
more for two years qualified for the top yield 
group.  Hybrids had to differ in yield by 19 
bu/ac in 2005 and by 12 bu/ac for two years 
to be significantly different from one 
another.  In 2005, bushel weights averaged 
58 lbs, grain moisture averaged 15%, 
lodging averaged 1% and the final percent 
stand averaged 98.  In order for a hybrid to 
be in the top performance group for these 
factors they had to equal 58 lbs. or more in 
bushel weight, 16% or less in grain 
moisture, 2% or less in stalk lodging, and 
96% or more for percent stand. 
 
Late - Non-Roundup Ready™, Tables 2.  
The test trial yield average (Table 2) was 
192 bu/ac for year 2005 and 221 bu/ac for 
two years (2004-05).  Hybrids that yielded 
193 bu/ac or more in 2005 and 212 bu/ac or 
more for two years qualified for the top yield 
group.  Hybrids had to differ in yield by 20 
bu/ac in 2005.  There was no difference 
between 2 year yield averages for those 
hybrids tested two years.  In 2005, bushel 
weights averaged 59 lbs, grain moisture 
averaged 16%, lodging averaged 1% and 
the final percent stand averaged 98.  In 
order for a hybrid to be in the top 
performance group for these factors they 
had to equal 59 lbs. or more in bushel 
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weight, 16% or less in grain moisture, 2% or 
less in stalk lodging, and 93% or more for 
percent stand. 
 
 
 
Table 1. Early maturity Non-Roundup Ready™ corn hybrid test trial results. 
SE Research Farm, Beresford, SD, 2004-2005. 
Hybrid performance variable at harvest 
2005 
Brand/Hybrid                
(By 2-year then 2005 yields) 
Brand 
Rel. 
Mat. 
2-year 
Yield 
bu/ac 
Yield 
bu/ac
Bu. 
Wt. 
lb 
Grain 
Moist. 
% 
Lodging 
% 
Pct.* 
Stand 
TWO-YEAR ENTRIES: . . . . . . . 
GOLD COUNTRY/110-07CB 110 236 213 57 16 1 93 
HEINE/H820YGCB 109 228 205 58 16 1 98 
WENSMAN/W 5437BT 110 224 205 56 15 0 93 
HEINE/H728YGCB 103 220 204 58 15 0 99 
WENSMAN/W 5417BT 107 215 197 58 15 0 98 
DEKALB/DKC54-51 (YGCB) 104 213 196 59 15 3 97 
ONE-YEAR ENTRIES: . . . . . . . 
HEINE/H818YGCB 109 . 222 59 15 1 94 
KRUGER/EXP0608A 108 . 220 59 16 1 99 
KRUGER/EXP0610 110 . 215 58 15 5 100 
DEKALB/DKC53-11 (YGCB) 103 . 214 59 16 1 99 
KRUGER/9310YGCB 110 . 209 57 15 1 97 
KRUGER/9910YGCB 108 . 205 57 15 0 100 
KRUGER/8609HX 109 . 202 58 16 0 97 
KRUGER/EXP5609YGCB 109 . 202 59 16 1 98 
KRUGER/EXP5608YGCB 108 . 201 59 16 1 99 
DAIRYLAND/STEALTH-5007 107 . 200 56 15 1 100 
KRUGER/9407YGCB 105 . 200 60 15 2 99 
KRUGER/5410YGCB 110 . 200 59 15 0 98 
HEINE/H750YGCB 105 . 200 58 15 1 99 
KRUGER/EXP5510YGCB 110 . 197 58 16 1 100 
KRUGER/0508 108 . 193 58 15 0 99 
Trial avg.: 108 223 205 58 15 1 98 
Highest (H)-avg.: 110 236 222 60 16 5 100 
Lowest (L)-avg.: 103 213 193 56 15 0 93 
H-L avg. difference: 7 23 29 4 1 5 7 
** Lsd (.05):   12 19 2 NS 2 4 
# Min. TPG-value:   224 203 58     96 
## Max. TPG-value:         16 2   
+ Coef. of var.:   5 6 2 2   2 
* Seeded May 3, 2005 at 28,750 seeds per acre. 
** Lsd= the amount values in a column must differ to be significantly different. 
If Lsd = NS then differences among values in a column are non-significant (NS). 
# Min. TPG-value= minimum value required for the top performance group. 
## Max. TPG-value= maximum value required for the top performance group. 
+ Coef.of Variation = a measure of trial experimental error. 
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Table 2. Late maturity Non-Roundup Ready™ corn hybrid test trial results. 
SE Research Farm, Beresford, SD, 2004-2005. 
Hybrid performance variable at harvest 
2005 
Brand/Hybrid                
(By 2-year then 2005 yields) 
Brand 
Rel. 
Mat. 
2-year 
Yield 
bu/ac 
Yield 
bu/ac
Bu. 
Wt. 
lb 
Grain 
Moist. 
% 
Lodging 
% 
Pct.* 
Stand 
TWO-YEAR ENTRIES: . . . . . . . 
HEINE/H8600YGCB 112 230 198 60 16 2 99 
KRUGER/9115YGCB 115 228 201 60 16 0 100 
KRUGER/9111YGCB 111 222 200 57 15 0 99 
KAYSTAR/KX-8615BT 112 222 196 58 16 1 98 
DAIRYLAND/STEALTH-5611 112 219 183 59 15 1 96 
KRUGER/9212YGCB 112 219 181 58 15 0 98 
KRUGER/5416YGCB 115 216 195 59 16 1 97 
KRUGER/5514YGCB 114 212 189 58 16 1 98 
ONE-YEAR ENTRIES: . . . . . . . 
KRUGER/EXP8616HX 116 . 213 59 17 0 97 
DEKALB/DKC62-31 (YGCB) 112 . 207 60 18 0 99 
KRUGER/EXP0614B 114 . 201 60 17 0 97 
DEKALB/DKC64-81 (YGCB) 114 . 195 59 16 2 97 
KRUGER/EXP5613YGCB 113 . 194 58 17 0 100 
DAIRYLAND/STEALTH-5010 112 . 192 61 16 0 100 
KRUGER/9313YGCB 113 . 191 58 15 1 100 
KRUGER/8414HX 114 . 191 59 16 0 98 
KRUGER/EXP8614HX 114 . 191 59 17 0 95 
HEINE/H851YGCB 112 . 188 59 16 0 98 
KRUGER/EXP0614A 114 . 186 59 16 0 100 
KRUGER/EXP0617A 116 . 186 60 16 1 93 
KRUGER/5517YGCB 116 . 179 57 17 6 98 
KRUGER/5415YGCB 114 . 161 58 17 2 93 
Trial avg.: 114 221 192 59 16 1 98 
Highest (H)-avg.: 116 230 213 61 18 6 100 
Lowest (L)-avg.: 111 212 161 57 15 0 93 
H-L avg. difference: 5 18 52 4 2 6 7 
** Lsd (.05):   NS 20 2 1 2 NS 
# Min. TPG-value:   212 193 59     93 
## Max. TPG-value:         16 2   
+ Coef. of var.:   5 6 2 4   3 
* Seeded May 3, 2005 at 28,750 seeds per acre. 
** Lsd= the amount values in a column must differ to be significantly different. 
If Lsd = NS then differences among values in a column are non-significant (NS). 
# Min. TPG-value= minimum value required for the top performance group. 
## Max. TPG-value= maximum value required for the top performance group. 
+ Coef.of Variation = a measure of trial experimental error. 
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Roundup Ready™ corn results for year 
2005 and for two-years (2004-05) are 
listed below: 
 
 
Early - Roundup Ready™, Tables 3.  The 
test trial yield average (Table 3) was 191 
bu/ac for year 2005 and 213 bu/ac for two 
years (2004-05).  Hybrids that yielded 193 
bu/ac or more in 2005 and 200 bu/ac or 
more for two years qualified for the top yield 
group.  Hybrids had to differ in yield by 16 
bu/ac in 2005 to be significantly different 
from one another.  There was no difference 
between 2 year yield averages for those 
hybrids tested two years.  In 2005, bushel 
weights averaged 59 lbs, grain moisture 
averaged 16%, lodging averaged 1% and 
the final percent stand averaged 97.  In 
order for a hybrid to be in the top 
performance group for these factors they 
had to equal 58 lbs. or more in bushel 
weight, 16% or less in grain moisture, 1% or 
less in stalk lodging, and 93% or more for 
percent stand. 
 
Late - Roundup Ready™, Tables 4.  The 
test trial yield average (Table 4) was 203 
bu/ac for year 2005 and 217 bu/ac for two 
years (2004-05).  Hybrids that yielded 216 
bu/ac or more in 2005 and 196 bu/ac or 
more for two years qualified for the top yield 
group.  Hybrids had to differ in yield by 20 
bu/ac in 2005 to be significantly different 
from one another.  There was no difference 
between 2 year yield averages for those 
hybrids tested two years.  In 2005, bushel 
weights averaged 60 lbs, grain moisture 
averaged 16%, lodging averaged 1% and 
the final percent stand averaged 96.  In 
order for a hybrid to be in the top 
performance group for these factors they 
had to equal 60 lbs. or more in bushel 
weight, 16% or less in grain moisture, 2% or 
less in stalk lodging, and 93% or more for 
percent stand. 
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Table 3. Early maturity Roundup Ready™ corn hybrid test trial results. 
SE Research Farm, Beresford, SD, 2004-2005. 
Test trial variable at harvest 
2005 
Brand/Hybrid                 
(By 2-year then 2005 yields) 
Brand 
Rel. 
Mat. 
2-year 
Yield 
bu/ac 
Yield 
bu/ac 
Bu. 
Wt. 
lb 
Grain 
Moist. 
% 
Lodging 
% 
Pct.* 
Stan
d 
TWO-YEAR ENTRIES: . . . . . . . 
DEKALB/DKC60-
19RR2YGCB 
110 223 203 60 16 0 94 
HEINE/H750RR/YGCB 105 218 198 59 16 1 99 
DAIRYLAND/STEALTH-1606 107 216 192 58 15 1 99 
WENSMAN/W 6422BTRR 107 210 193 59 16 0 96 
DEKALB/DKC58-
80RR2YGCB 
108 208 191 58 15 0 96 
HEINE/H728RR/YGCB 100 200 191 60 17 1 94 
ONE-YEAR ENTRIES: . . . . . . . 
DEKALB/DKC52-
47RR2YGCB 
102 . 209 58 15 1 97 
NUTECH/NT-5507 RR/YGCB 105 . 203 59 16 0 99 
HEINE/H748RR/YGCB 105 . 198 60 15 0 98 
DEKALB/DKC55-82 (RR2) 105 . 196 60 16 0 95 
NUTECH/NT-3505 RR 105 . 194 60 16 0 99 
INTEGRA/INT 6609RRYG 108 . 193 59 15 3 96 
KRUGER/2410RR/YGCB 110 . 192 60 16 0 98 
WENSMAN/W 6315BTRR 101 . 191 58 15 1 93 
KRUGER/2506RR/YGCB 106 . 190 60 16 0 100 
KALTENBERG/K5717RRBT 105 . 189 58 15 0 96 
CHANNEL/EXP X51101RB 110 . 188 59 15 2 98 
CHANNEL/7R432 110 . 188 60 16 0 97 
KALTENBERG/K6744RRBT 108 . 187 58 15 0 94 
KRUGER/EXP2605RR/YGCB 105 . 187 59 16 1 97 
NUTECH/NT-5212 RR/YGCB 110 . 182 59 15 0 96 
WENSMAN/W 6318BTRR 103 . 182 59 15 1 95 
HEINE/H820RR/YGCB 109 . 176 58 15 1 96 
NUTECH/NT-5212+RR/YGCB 110 . 159 58 15 1 96 
Trial avg.: 106 213 191 59 16 1 97 
Highest (H)-avg.: 110 223 209 60 17 3 100 
Lowest (L)-avg.: 100 200 159 58 15 0 93 
H-L avg. difference: 10 23 50 3 2 3 7 
** Lsd (.05):   NS 16 2 1 1 NS 
# Min. TPG-value:   200 193 58     93 
## Max. TPG-value:         16 1   
+ Coef. of var.:   4 5 2 3   3 
* Seeded May 3, 2005 at 28,750 seeds per acre. 
** Lsd= the amount values in a column must differ to be significantly different. 
If Lsd = NS then differences among values in a column are non-significant (NS). 
# Min. TPG-value= minimum value required for the top performance group. 
## Max. TPG-value= maximum value required for the top performance group. 
 +Coef.of Variation = a measure of trial experimental error. 
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Table 4. Late maturity Roundup Ready™ corn hybrid test trial results. 
SE Research Farm, Beresford, SD, 2004-2005. 
Test trial variable at harvest 
2005 
Brand/Hybrid                  
(By 2-year then 2005 yields) 
Brand 
Rel. 
Mat. 
2-
year 
Yield 
bu/ac 
Yield 
bu/ac
Bu. 
Wt. 
lb 
Grain 
Moist. 
% 
Lodging 
% 
Pct.* 
Stan
d 
TWO-YEAR ENTRIES: . . . . . . . 
DEKALB/DKC63-81RR2YGCB 113 231 227 61 18 0 98 
HEINE/H851RR/YGCB 113 230 215 60 17 0 98 
KRUGER/9115RR/YGCB 115 222 211 60 16 0 96 
HEINE/H8600RR/YGCB 112 212 193 59 16 1 93 
KRUGER/9212RR/YGCB 112 210 181 59 15 1 97 
KRUGER/9308RR/YGCB 111 196 191 59 15 0 99 
ONE-YEAR ENTRIES: . . . . . . . 
ASGROW/RX715RR2YGCB 111 . 236 61 19 1 93 
DEKALB/DKC61-72 (RR2) 111 . 216 60 15 0 97 
KRUGER/2517RR/YGCB 116 . 183 60 17 2 95 
KRUGER/9313RR/YGCB 113 . 172 59 16 0 94 
Trial avg.: 113 217 203 60 16 1 96 
Highest (H)-avg.: 116 231 236 61 19 2 99 
Lowest (L)-avg.: 111 196 172 59 15 0 93 
H-L avg. difference: 5 35 64 2 4 2 6 
** Lsd (.05):   NS 20 1 1 NS NS 
# Min. TPG-value:   196 216 60     93 
## Max. TPG-value:         16 2   
+ Coef. of var.:   6 6 1 4   2 
* Seeded May 3, 2005 at 28,750 seeds per acre. 
** Lsd= the amount values in a column must differ to be significantly different. 
If Lsd = NS then differences among values in a column are non-significant (NS). 
# Min. TPG-value= minimum value required for the top performance group. 
## Max. TPG-value= maximum value required for the top performance group. 
+ Coef.of Variation = a measure of trial experimental error. 
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WEED CONTROL DEMONSTRATIONS and 
EVALUATION TEST for 2005 
 
                M. J.  Moechnig, D. L. Deneke, and D. A. Vos 
              
                           PLANT SCIENCE 0530 
 
 
 
INTRODUCTION: 
 
 Conducting weed control research at the Southeast Experiment Farm provides 
an opportunity to evaluate weed control techniques in an environment that reflects the 
climate and weed species spectrum of the region.  Corn and soybean cropping systems 
are the primary focus for weed control evaluation.  Primary weed species present often 
include common waterhemp, velvetleaf, cocklebur, common lambsquarters, and foxtail. 
 
SITE CONDITIONS for 2005: 
 
 Early spring precipitation contributed to very good weed control associated with 
the preemergence treatments.  Wet conditions at the end of May and into June delayed 
some of the postemergence treatments.  Low weed densities contributed to high weed 
control ratings for many treatments. 
 
NOTE: Data reported in this publication are results from field tests that include 
product uses, experimental products or experimental rates, 
combinations or other unlabeled uses for herbicide products.  
Tradenames of products used are listed; there frequently are other 
brand products available in the market.  Users are responsible for 
applying herbicide according to label directions.  Refer to the 
appropriate weed control fact sheet available from county extension 
offices for herbicide recommendations. 
 
 Studies listed below are summarized in the following tables.  Information for each 
study is included as part of the summary. 
  
 1. Corn Herbicide Demonstration 
 2. Herbicide Tolerant Corn Demonstration 
 3. Corn Weed Removal Timing 
 4. Weed Control in Liberty Link Corn with Pre and Post Programs 
 5. Weed Control in Corn with Mesotrione and Glyphosate Based Products 
 6. Postemergence Weed Control in Corn 
 7. Touchdown Tank-Mixes in Corn 
 8. Weed Control in Corn 
 9. Glyphosate Programs with Preemergence Herbicides in Soybean 
 10. Residual Herbicides Applied Prior To or Tank-Mixed with Roundup 
 11. Pre and Post Combination Weed Control in Soybeans 
 12. Volunteer RR Corn Control in Soybeans 
 13. Select Max for Control of Volunteer Roundup Ready Corn 
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Table 1.  CORN HERBICIDE DEMONSTRATION 
 
Demonstration  Precipitation: 
Planting Date: 4/28/05  PRE: 1st week 0.91 inches 
Variety: DK 50-80   2nd week 0.00 inches 
PRE: 4/28/05   POST: 1st week 1.37 inches 
POST: 6/15/05; Corn 5 lf, V-4; Yeft 2-4 lf, 2-5";      2nd week 1.12 inches 
     Cowh 2-6"; Pesw  2-5" 
Soil: Silty clay; 3.5% OM; 6.0 pH Yeft=Yellow foxtail 
  Cowh=Common waterhemp 
  Pesw=Pennsylvania smartweed 
 
COMMENTS: Preemergence – Preemergence herbicides provided very good control of evaluated 
grass and broadleaf weed species.  Many preemergence herbicides with similar 
chemistries, yet marketed under different tradenames, provided similar weed control.  
However, note that control of only three weed species was evaluated.  Radius, a new 
broad-spectrum herbicide introduced by Bayer to replace Epic, provided similar weed 
control as Epic.  Lumax and Lexar, two similar herbicide premixes, also resulted in similar 
weed control.  Application of Dual II Magnum (s-metolachlor) resulted similar weed 
control as Stalwart (metolachlor).  Premixes containing a chloroacetamide herbicide and 
atrazine (Harness Xtra, Bicep Lite II Magnum, Stalwart Xtra, G-Max Lite, and Keystone 
LA) resulted in similar weed control.  The low rate of Harness (1.5 pt/A) provided similar 
weed control as the high rate (2.3 pt/A). 
 
Preemergence followed by postemergence – Many treatment options evaluated that 
resulted in nearly complete weed control. 
 
Postemergence – Many treatments resulted in very good weed control.  Atrazine or 
Callisto mixed with Option provided less than 90% yellow foxtail control, but Distinct tank-
mixed with Option provided more than 90% yellow foxtail control.  Broadleaf weed control 
was greater than 97% for these tank-mixes.  Steadfast or Accent mixed with atrazine 
resulted in less than 90% common waterhemp control, but the addition of Callisto with 
Steadfast and atrazine resulted in 98% common waterhemp control. 
 
   % Yeft % Cowh % Pesw 
Treatment Rate/A 8/15/05 8/15/05 8/15/05
 Check — 0 0 0 
 
PREEMERGENCE: 
 Harness 1.5 pt 95 92 85 
 Harness 2.3 pt 98 95 85 
 Dual II Magnum 2 pt 98 95 60 
 Stalwart C 2 pt 98 95 60 
 
 Harness Xtra 2.1 qt 98 98 98 
 Bicep Lite II Magnum 2 qt 99 99 99 
 Stalwart Xtra 2.1 qt 98 98 98 
 G-Max Lite 3.5 pt 97 98 96 
 
 Keystone LA 2.2 qt 95 98 96 
 Balance Pro 2.25 oz 92 90 94 
 Epic 14.5 oz 96 98 96 
 Radius 18 oz 97 97 96 
 
 
 
 
 
Table 1.  CORN HERBICIDE DEMONSTRATION (Continued . . . ) 
 
   % Yeft % Cowh % Pesw 
Treatment Rate/A 8/15/05 8/15/05 8/15/05
PREEMERGENCE (Continued . . . ) 
 Balance Pro+Define SC+atrazine 2.25 oz+12 oz+.75 qt 95 97 97 
 Python+Surpass 1.25 oz+2.5 pt 97 98 98 
 Lumax 3 qt 97 98 98 
 Lexar 3.5 qt 98 99 99 
 
 Check ---- 0 0 0 
 
PREEMERGENCE & POSTEMERGENCE: 
 Dual II Magnum&Callisto+COC+28% N 1.67 pt&3 oz+1%+2 qt 93 99 99 
 Dual II Magnum&Callisto+atrazine+ 1.66 pt&3 oz+1 pt& 
    COC+28% N    1%+2 qt 99 99 99 
 Dual II Magnum&Northstar+atrazine+ 1.67 pt&5 oz+1.5 pt+ 
    NIS+28% N    .25%+2 qt 99 99 99 
  
 Define SC&Buctril/Atrazine 21.7 oz&2 pt 93 99 99 
 Define SC&Buctril/Atrazine+Callisto 12 oz&2 pt+1 oz 90 99 99 
 Balance Pro&Buctril/Atrazine 2.25 oz&2 pt 94 99 99 
 Outlook&Distinct+NIS+28% N 21 oz& 6 oz+.25%+2 qt 94 99 99 
 Outlook&Marksman+NIS+28% N 21 oz&2 pt+.125%+2 qt 97 99 99 
 
 Surpass&2,4-D amine 2.5 pt&1 pt 92 98 98 
 Surpass&Aim EW+atrazine+COC+28% N 2.5 pt&.5 oz+1 qt+1%+2 qt 94 98 95 
 Surpass&WideMatch 2.5 pt&1.33 pt 90 98 98 
 
 Keystone LA&Hornet WDG+ 2.2 qt&3 oz+ 
    Clarity+NIS+28% N    4 oz+.25%+2 qt 95 98 98 
 Cinch&Steadfast+atrazine+ .67 pt&.75 oz+1 pt+ 
    COC+AMS    1%+2.5 lb 93 98 93 
 Cinch&Steadfast+Callisto+ .67 pt&.75 oz+2 oz+ 
    atrazine+COC+AMS    1 pt+1%+2.5 lb 93 98 93 
 
 Check ---- 0 0 0 
 
POSTEMERGENCE: 
 Option+atrazine+MSO+28% N 1.5 oz+1.5 pt+1.5 pt+2 qt 80 95 95 
 Option+Callisto+MSO+28% N 1.5 oz+2 oz+1.5 pt+2 qt 84 98 98 
 Define SC+Option+Distin-ct+ 12 oz+1.5 oz+4 oz+ 
    MSO+28% N    1.5 pt+2 qt 92 97 98 
 Option+Distinct+MSO+28% N 1.5 oz+4 oz+1.5 pt+2 qt 92 98 98 
 
 Steadfast+atrazine+COC+28% N .75 oz+1.5 pt+1%+2 qt 95 83 97 
 Cinch ATZ Lite+Steadfast+Callisto+ 2 pt+.75 oz+2 oz+ 
    COC+AMS    1%+2.5 lb 89 98 98 
 Steadfast+atrazine+Callisto+ .75 oz+1 pt+2 oz+ 
    COC+AMS    1%+2.5 lb 85 98 98 
 Accent+atrazine+COC+28% N .67 oz+1.5 pt+1%+2 qt 92 86 98 
 
  
 
 
   
  
Table 2.   HERBICIDE TOLERANT CORN DEMONSTRATION 
 
Demonstration  Precipitation: 
Planting Date: 4/28/05  PRE: 1st  week 0.91 inches 
Variety: Roundup Ready - DeKalb DKC 58-80   2nd week 0.00 inches 
 Liberty Link - Pioneer 38P04     POST: 1st week 1.37 inches 
PRE: 4/28/05    2nd week 1.12 inches 
POST: 6/15/05; Corn 6-10", V4; Yeft 2-4 lf, 2-5";  POST2: 1st week 0.00 inches 
     Cowh 2-6"    2nd week 0.00 inches 
POST2: 6/30/05; Corn 18"  
Soil: Silty clay; 3.5% OM; 6.0 pH Yeft=Yellow foxtail 
   Cowh=Common waterhemp 
 
COMMENTS: Liberty Link systems – Soil residual herbicides applied with Liberty resulted in nearly 
complete weed control.  However, Callisto plus Liberty provided less than 90% yellow 
foxtail control. 
 
Roundup Ready systems – One pass of Roundup (22 oz/A) applied at the V4 corn 
growth stage resulted in nearly complete weed control.  Soil residual herbicides applied 
at reduced rates before or tank-mixed with Roundup also resulted in nearly complete 
weed control.  Soil residual herbicide applications in Roundup Ready systems may 
reduce early-season weed densities, reduce yield loss from early-season weed-corn 
competition, and enhance the potential for achieving complete weed control with 
postemergence applications of Roundup. 
 
 % Yeft % Cowh 
Treatment Rate/A 8/15/05 8/15/05
 Check - Liberty Link ---- 0 0 
 
POSTEMERGENCE
 Liberty+atrazine+AMS 32 oz+1 pt+3 lb 94 97 
 Liberty+Callisto+AMS 32 oz+1.5 oz+3 lb 88 98 
 
PREEMERGENCE & POSTEMERGENCE
 Define SC&Liberty+atrazine+AMS 12 oz&32 oz+1 pt+3 lb 99 99 
 Balance Pro&Liberty+atrazine+AMS 1.5 oz&32 oz+1 pt+3 lb 99 99 
 
 Check - Roundup Ready ---- 0 0 
 
POSTEMERGENCE
 Roundup UltraMax II+AMS 22 oz+2.5 lb 97 95 
  
POSTEMERGENCE & POSTEMERGENCE2
 Roundup UltraMax II+AMS& 22 oz+2.5 lb& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 98 
 
PREEMERGENCE & POSTEMERGENCE
 Harness&Roundup UltraMax II+AMS 2.3 pt&22 oz+2.5 lb 99 98 
 Harness&Roundup UltraMax II+AMS 1 pt&22 oz+2.5 lb 98 98 
 
POSTEMERGENCE
 Harness+Roundup UltraMax II+AMS 1 pt+22 oz+2.5 lb 99 99 
Table 2.  HERBICIDE TOLERANT CORN DEMONSTRATION (Continued . . . ) 
 
 % Yeft % Cowh 
Treatment Rate/A 8/15/05 8/15/05
PREEMERGENCE & POSTEMERGENCE
 Dual II Magnum&Touchdown Total+AMS 1.67 pt&24 oz+2.5 lb 99 99 
 Keystone LA+Glyphomax XRT+AMS 1.1 qt&24 oz+2.5 lb 99 99 
 Outlook&Roundup UltraMax II+Distinct+AMS 12 oz&22 oz+3 oz+2.5 lb 99 99 
 
POSTEMERGENCE
 Outlook+Roundup UltraMax II+AMS 12 oz+22 oz+3 lb 99 99 
  
PREEMERGENCE & POSTEMERGENCE
 Basis+atrazine&Roundup UltraMax II+AMS .33 oz+1 pt&22 oz+2.5 lb 98 98 
 Lumax&Touchdown Total+AMS 1.5 qt&24 oz+2.5 lb 98 98 
 
POSTEMERGENCE
 Lumax+Touchdown Total+AMS 1.5 qt+24 oz+2.5 lb 99 99 
 Volley+Touchdown Total+AMS 2 pt+24 oz+2.5 lb 99 99 
 Roundup UltraMax II+Clarity+AMS 22 oz+8 oz+2.5 lb 98 99 
 Roundup UltraMax II+atrazine+AMS 22 oz+1 qt+2.5 lb 99 99 
 
 Roundup UltraMax II+Priority+NIS+AMS 22 oz+1 oz+.25%+2.5 lb 98 96 
 Roundup UltraMax II+Prowl H2O+AMS 22 oz+2.5 pt+3 lb 99 97 
 Roundup UltraMax II+Callisto+AMS 22 oz+3 oz+2.5 lb 98 99 
 
     
 
Table 3.  CORN WEED REMOVAL TIMING 
 
RCB; 4 reps  Precipitation: 
Planting Date: 5/3/05  PRE: 1st week 0.65 inches 
Variety: DKC 58-80   2nd week 1.83 inches 
PRE: 5/3/05   POST1: 1st week 1.37 inches 
POST1: 6/15/05; Corn V3, 4-8"; Grft 3-5";    2nd week 1.12 inches 
 Cowh 2-4"; Colq 2-4"  POST2: 1st week 0.28 inches 
POST2: 6/20/05; Corn V4, 12"; Grft 4-6";    2nd week 0.97 inches 
       Cowh 3-6"; Colq 2-5"  POST3: 1st week 0.00 inches 
POST3: 6/30/05; Corn 18"; Grft 5-8";   2nd week 0.00 inches 
       Cowh 8-12"; Colq 4-8" 
Soil: Silty clay loam; 3.0% OM; 6.8 pH Grft=Green foxtail 
   Cowh=Common waterhemp 
   Colq=Common lambsquarters 
 
COMMENTS: Study conducted to determine the effects of herbicide application timing on weed control 
efficacy and corn yield in Roundup Ready cropping systems.  Roundup was applied at 
the V3, V4, or V6 corn growth stages.  Weed control was greater than 90% at each 
application time and corn yield did not differ among Roundup application times.  Harness 
alone or with postemergence applications of Roundup also provided nearly complete 
weed control suggesting that soil residual herbicides did not benefit weed control when 
included in a Roundup program at this site.  However, soil residual herbicides applied 
prior to Roundup may improve the consistency of weed control and minimize the 
potential for weed control failures. 
 % Grft % Cowh % Colq Yield 
Treatment Rate/A 9/7/05 9/7/05 9/7/05 bu/A
 Check ---- 0 0 0 146 
 
POSTEMERGENCE 1
 Roundup UltraMax II+AMS 22 oz+2.5 lb 99 97 98 198 
 Roundup UltraMax II+AMS+Harness 22 oz+2.5 lb+2 pt 99 99 99 205 
 
POSTEMERGENCE 2
 Roundup UltraMax II+AMS 22 oz+2.5 lb 97 93 92 200 
 
POSTEMERGENCE 3
 Roundup UltraMax II+AMS 22 oz+2.5 lb 99 99 99 195 
 
 Check ---- 0 0 0 136 
 
POSTEMERGENCE 1 & POSTEMERGENCE 3
 Roundup UltraMax II+AMS& 22 oz+2.5 lb& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 99 99 197 
 
PREEMERGENCE & POSTEMERGENCE 2
 Harness Xtra& 3 pt& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 97 98 96 194 
 Harness Xtra& 1.5 pt& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 98 98 201 
 
Table 3.  CORN WEED REMOVAL TIMING (Continued . . . ) 
 
 % Grft % Cowh % Colq Yield 
Treatment Rate/A 9/7/05 9/7/05 9/7/05 bu/A
PREEMERGENCE
 Harness Xtra 3 pt 97 96 92 192 
 
PREEMERGENCE & POSTEMERGENCE 2
 Harness& 2.5 pt& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 97 95 97 201 
POSTEMERGENCE 1 & POSTEMERGENCE 2 & POSTEMERGENCE 3
 Roundup UltraMax II+AMS& 22 oz+2.5 lb& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 97 99 99 189 
 
           LSD (.05)  2 3 2 27 
 
 
 
 
Table 4.  WEED CONTROL in LIBERTY LINK CORN with PRE and POST PROGRAMS 
 
RCB; 3 reps  Precipitation: 
Planting Date: 5/3/05  PRE: 1st  week 0.39 inches 
Variety: Pioneer 38P04 - Liberty Link   2nd  week 1.90 inches 
PRE: 5/3/05   POST: 1st  week 1.37 inches 
POST: 6/15/05; Corn V3-4, 8"; Grft 2-4";    2nd week 1.12 inches 
    Pesw 2-5"  Grft=Green foxtail 
Soil: Silty clay loam; 3.0% OM; 6.8 pH Cowh=Common waterhemp 
   Pesw=Pennsylvania smartweed 
 
COMMENTS: Many herbicide programs provided nearly complete control of grass and broadleaf weed 
species.  The preemergence programs based on Balance provided less than 90% control 
of waterhemp whereas the addition of a postemergence tank-mix including Liberty or 
Option provided +95% control of waterhemp and other weed species.  Preemergence 
programs based on Define followed by tank-mixes including Liberty or Option also 
provided +95% control of the evaluated weed species.  A single pass of Radius provided 
88% control of waterhemp and very good control of the other evaluated species whereas 
Radius followed by atrazine resulted in nearly 99% control of all the evaluated weed 
species.  A single postemergence tank-mix application of Liberty plus a low rate of either 
Callisto or atrazine provided +90% of all weeds evaluated. 
 
   % Grft % Cowh % Grft % Cowh % Pesw Yield 
Treatment Rate/A 7/11/05 7/11/05 8/29/05 8/29/05 8/29/05 bu/A
 Check ---- 0 0 0 0 0 98 
PREEMERGENCE & POSTEMERGENCE
 Balance Pro&Liberty+ 1.5 oz&32 oz+ 
    Atrazine+AMS    1 pt+3 lb 99 99 98 98 99 162 
 Balance Pro&Option+ 1.5 oz&1.5 oz+ 
    MSO+28% N    1.5 pt+1.5 qt 99 97 98 95 99 160 
 
PREEMERGENCE
 Balance Pro+Define SC 2.25 oz+12 oz 98 94 99 88 99 172 
 Balance Pro+Atrazine 2.25 oz+1 qt 98 95 98 88 99 161 
 
PREEMERGENCE & POSTEMERGENCE
 Define SC&Liberty+ 12 oz&32 oz+ 
    Atrazine+AMS    1 pt+3 lb 99 99 99 99 99 165 
 Define SC&Option+ 12 oz&1.5 oz+ 
    Distinct+MSO+28% N    4 oz+1.5 pt+1.5 qt 99 99 98 99 99 152 
 
PREEMERGENCE
 Radius 18 oz 99 93 99 88 99 173 
 
PREEMERGENCE & POSTEMERGENCE
 Radius&atrazine 18 oz&2 pt 99 99 99 99 99 159 
 Define SC& 12 oz& 
    Buctril/atrazine+Callisto    2 pt+1 oz 96 98 93 98 99 159 
 
POSTEMERGENCE
 Liberty+Callisto+AMS 32 oz+1.5 oz+3 lb 96 98 94 98 99 159 
 Liberty+atrazine+AMS 32 oz+1 pt+3 lb 96 95 94 91 99 164 
 
          LSD (.05)  1 3 2 3 0 20 
 
 
Table 5.  WEED CONTROL in CORN with MESOTRIONE and GLYPHOSATE BASED PRODUCTS 
 
RCB; 3 reps  Precipitation: 
Planting Date: 5/3/05  PRE: 1st week 0.65 inches 
Variety: DKC 58-80   2nd week 1.83 inches 
PRE: 5/3/05   EPOST: 1st week 1.37 inches 
EPOST: 6/15/05; Corn V3-4; Cowh 2-4"; Yeft 2-5"   2nd week 1.12 inches 
POST: 6/20/05; Corn V4, 12"; Cowh 3-6"; Yeft 3-6"  POST: 1st week 0.28 inches 
LPOST: 6/30/05; Corn 18-24:; Cowh 8-12; Yeft 6-10"   2nd week 0.97 inches 
Soil: Silty clay loam; 3.0% OM; 6.8 pH  LPOST: 1st week 0.00 inches 
     2nd week 0.00 inches 
 
   Cowh=Common waterhemp 
   Yeft=Yellow foxtail 
 
COMMENTS: Lumax and Lexar provided similar weed control (+90%).  Camix, Lumax, and Lexar 
provided similar weed control when tank-mixed with Touchdown or followed by 
Touchdown (+95% control).  A single late postemergence (V5 corn growth stage) 
application of Roundup provided +95% weed control whereas earlier Roundup 
applications provided less than 90% control of some weed species.  Late Roundup 
applications can cause corn yield reduction due to early-season weed-corn competition, 
but this was not observed in this trial.  Preemergence applications of soil residual 
herbicides followed by Roundup provided better weed control than two passes of 
Roundup.  Two passes of low Lumax rates provided similar weed control as Outlook 
followed by Distinct (+90% control). 
 
   % Yeft % Cowh % Yeft % Cowh Yield 
Treatment Rate/A 7/11/05 7/11/05 8/29/05 8/29/05 bu/A
 Check ---- 0 0 0 0 149 
 
PREEMERGENCE
 Lumax 3 qt 94 98 93 96 188 
 Lexar 3.5 qt 97 98 96 97 194 
 
EARLY POSTEMERGENCE
 Camix+Touchdown Total+AMS 1.2 qt+24 oz+2.5 lb 99 99 99 99 202 
 Lumax+Touchdown Total+AMS 1.5 qt+24 ox+2.5 lb 98 98 99 99 198 
 Lexar+Touchdown Total+AMS 1.75 qt+24 oz+2.5 lb 99 99 99 99 199 
 
PREEMERGENCE & POSTEMERGENCE
 Camix&Touchdown Total+AMS 1.2 qt&24 oz+2.5 lb 98 98 97 99 193 
 Lumax&Touchdown Total+AMS 1.5 qt&24 oz+2.5 lb 97 99 96 98 192 
 Lexar&Touchdown Total+AMS 1.75 qt+24 oz+2.5 lb 98 98 97 98 197 
 
 Dual II Magnum&Callisto+ 1.66 pt&3 oz+ 
    Atrazine+COC+28% N    1 pt+1%+2.5% 96 99 97 99 201 
 Bicep Lite II Magnum&Callisto+ 1.9 qt&3 oz+ 
    Atrazine+COC+28% N    1 pt+1%+2.5% 97 99 96 99 188 
 
Table 5.  WEED CONTROL in CORN with MESOTRIONE and GLYPHOSATE BASED PRODUCTS 
(Continued . . . ) 
 
   % Yeft % Cowh % Yeft % Cowh Yield 
Treatment Rate/A 7/11/05 7/11/05 8/29/05 8/29/05 bu/A
 
EARLY POSTEMERGENCE
 Roundup WeatherMax+AMS 22 oz+2.5 lb 96 96 88 92 186 
  
POSTEMERGENCE
 Roundup WeatherMax+AMS 22 oz+2.5 lb 93 86 96 82 191 
 
LATE POSTEMERGENCE
 Roundup WeatherMax+AMS 22 oz+2.5 lb 98 98 99 97 190 
PREEMERGENCE & POSTEMERGENCE
 Harness Xtra& 1.2 qt& 
    Roundup WeatherMax+AMS    22 oz+2.5 lb 98 97 97 95 191 
 
POSTEMERGENCE & LATE POSTEMERGENCE
 Roundup WeatherMax+AMS& 22 oz+2.5 lb& 
    Roundup WeatherMax+AMS    22 oz+2.5 lb 91 86 90 82 184 
 
PREEMERGENCE & POSTEMERGENCE
 Keystone LA&Hornet WDG+ 2 qt&3 oz+ 
    COC+28% N    1%+2.5% 96 98 93 97 197 
 
PREEMERGENCE & EARLY POSTEMERGENCE
 Lumax&Lumax+NIS 1.5 qt&1.5 qt+.25% 95 98 92 98 189 
 
PREEMERGENCE & POSTEMERGENCE
 Outlook&Distinct+NIS+28% N 18 oz&4 oz+.25%+2.5% 96 98 92 98 185 
 
           LSD (.05)  3 2 3 3 25 
 
  
 
Table 6.  POSTEMERGENCE WEED CONTROL in CORN 
 
RCB; 3 reps  Precipitation: 
Planting Date: 5/3/05  POST: 1st week 1.37 inches 
Variety: DKC 58-80   2nd week 1.12 inches 
POST: 6/15/05; Corn V3, 4-8"; Cowh 2-4"; Yeft 3-5" 
Soil: Silty clay; 3.0% OM; 6.8 pH Yeft=Yellow foxtail 
  Cowh=Common waterhemp 
  Pesw=Pennsylvania smartweed 
 
COMMENTS: A single application of Steadfast resulted in 75% control of waterhemp.  Other 
postemergence tank-mixes resulted in +94% control of the weed species evaluated. 
 
 
   % Yeft % Cowh % Yeft % Cowh % Pesw Yield 
Treatment Rate/A 7/11/05 7/11/05 8/29/05 8/29/05 8/29/05 bu/A
POSTEMERGENCE
 Check ---- 0 0 0 0 0 137 
  
 Steadfast+MSO+28% N .75 oz+1%+2.5% 97 80 98 75 98 198 
 Impact+Steadfast+atrazine+ .5 oz+.75 oz+1 pt+ 
    MSO+28% N    1%+2.5% 98 98 98 99 99 216 
 Impact+Steadfast+atrazine+ .75 oz+.75 oz+1 pt+ 
    MSO+28% N    1%+2.5% 98 98 97 98 99 219 
  
 Callisto+Steadfast+atrazine+ 3 oz+.75 oz+.5 pt+ 
    MSO+28% N    1%+2.5% 97 99 94 99 99 210 
 Impact+Accent+atrazine+ .75 oz+.67 oz+1 pt+ 
    MSO+28% N    1%+2.5% 98 98 98 99 98 208 
 Impact+Option+atrazine+ .75 oz+1.5 oz+1 pt+ 
    MSO+28% N    1%+2.5% 97 98 96 99 98 229 
  
 Option+Distinct+ 1.5 oz+4 oz+ 
    MSO+28% N    1%+2.5% 94 97 87 96 98 207 
 Outlook+Impact+atrazine+ 1 pt+.75 oz+1 qt+ 
    COC+28% N    1%+2.5% 96 98 97 99 98 202 
 
 Prowl H2O+Impact+ 1.6 pt+.75 oz+ 
    Atrazine+COC+28% N    1 qt+1%+2.5% 95 98 96 98 98 210 
 Lumax+Steadfast+NIS 2 qt+.75 oz+.25% 94 98 94 98 99 200 
 
           LSD (.05)  2 3 4 3 1 24 
 
 
  
 
Table 7.  TOUCHDOWN TANK-MIXES in CORN 
 
RCB; 3 reps  Precipitation: 
Planting Date: 5/3/05  POST: 1st week 1.37 inches 
Variety: DKC 58-80   2nd week 1.12 inches 
POST: Corn V3-4; Grft 3-5"; Cowh 2-4"  
Soil: Silty clay loam; 3.0% OM; 6.8 pH VCRR=Visual Crop Response Rating 
                  (0=no injury; 100=complete kill) 
  Grft=Green foxtail 
  Cowh=Common waterhemp 
   
COMMENTS: One application of Touchdown at the V4 corn growth stage resulted in +97% control of 
the weeds evaluated.  Use of the experimental surfactant with Option + Distinct resulted 
in reduced weed control, which demonstrates the importance of surfactants for achieving 
optimum weed control. 
   % VCRR 
   Stunt % Grft % Cowh % Grft % Cowh Yield 
Treatment  Rate/A 6/29/05 6/29/05 6/29/05 8/29/05 8/29/05 bu/A
 Check ---- 0 0 0 0 0 137 
 
POSTEMERGENCE
 Touchdown Total 24 oz 0 98 97 97 97 197 
 Touchdown Total+ 24 oz+ 
    Premium AMS    8.5 lb/100 gal 0 99 99 97 95 194 
 Touchdown Total+ 24 oz+ 
    Cornbelt N–Tense    2 qt/100 gal 0 99 98 98 98 194 
 
 Touchdown Total+Volley+ 24 oz+2 pt+ 
    Cornbelt N–Tense    2 qt/100 gal 0 99 99 99 99 203 
 Touchdown Total+Callisto+ 24 oz+3 oz+ 
    Premium AMS    8.5 lb/100 gal 0 99 99 97 99 187 
 Touchdown Total+Callisto+ 24 oz+3 oz+ 
    Cornbelt N–Tense    2 qt/100 gal 0 99 99 97 98 193 
 
 Option+Distinct+ 1.5 oz+2 oz+ 
    Soy-Stik+Premium AMS    1.5 pt+2 lb 0 97 96 92 96 185 
 Option+Distinct+ 1.5 oz+2 oz+  
    Exp Surfactant    2 qt/100 gal 10 91 93 87 92 175 
 
 Steadfast+atrazine+ .75 oz+1 pt+ 
    Premium COC+    1%+ 
    Premium AMS    2 lb 0 98 96 97 96 203 
 Steadfast+Volley+ .75 oz+1.5 pt+ 
    Exp Surfactant    2 qt/100 gal 0 97 91 98 91 197 
 Steadfast+Callisto+ .75 oz+1.5 oz+ 
    Atrazine+Premium COC+    1 pt+1%+ 
    Premium AMS    2 lb 0 97 98 96 99 198 
 Steadfast+Callisto+ .75 oz+1.5 oz+ 
   Volley+Exp Surfactant    1.5 pt+2 qt/100 gal 0 97 98 97 98 197 
 
           LSD (.05)  2 1 1 3 4 26 
 
 
      
Table 8.  WEED CONTROL in CORN 
 
RCB; 3 reps  Precipitation: 
Planting Date: 5/3/05  PRE: 1st week 0.65 inches 
Variety: DKC 58-80   2nd week 1.83 inches 
PRE: 5/3/05   POST: 1st week 0.00 inches 
POST: RR Corn 15"; Yeft 4"; Cowh 4-6";   2nd week 0.00 inches 
      Cocb 4-7"; Pesw 3-6" 
Soil: Silty clay loam; 3.0% OM; 6.8 pH Yeft=Yellow foxtail 
  Cocb=Common cocklebur 
  Cowh=Common waterhemp 
  Pesw=Pennsylvania smartweed 
 
COMMENTS: Dual II Magnum alone resulted in less than 90% control of waterhemp and less than 60% 
control of Pennsylvania smartweed.  However, Dual II followed by Impact + atrazine, 
Callisto + atrazine, or Hornet increased control of these weeds to +90%.  In these 
management programs, increasing the rate of Impact from 0.5 to 0.75 oz/A did not 
increase weed control. 
 
   % Yeft % Cocb % Cowh % Pesw % Yeft % Cowh 
Treatment Rate/A 7/21/05 7/21/05 7/21/05 7/21/05 8/29/05 8/29/05
 Check ---- 0 0 0 0 0 0 
 
PREEMERGENCE
 Dual II Magnum 1.5 pt 98 63 82 57 97 87 
 
PREEMERGENCE & POSTEMERGENCE
 Dual II Magnum& 1.5 pt& 
    Impact+Atrazine+    .5 oz+1 pt+ 
    MSO+28% N    1%+2.5% 98 97 97 93 98 98 
 
 Dual II Magnum& 1.5 pt& 
    Impact+Atrazine+    .75 oz+1 pt+ 
    MSO+28% N    1%+2.5% 98 98 98 96 99 99 
 
 Dual II Magnum& 1.5 pt& 
    Callisto+Atrazine+    3 oz+.5 pt+ 
    MSO+28% N    1%+2.5% 98 98 98 98 99 99 
 
 Dual II Magnum& 1.5 pt& 
    Hornet WDG+    3 oz+ 
    MSO+28% N    1%+2.5% 98 98 96 91 98 97 
 
           LSD (.05)  0 4 4 6 2 2 
 
     
 
Table 9.  GLYPHOSATE PROGRAMS with PREEMERGENCE HERBICIDES in SOYBEAN 
 
RCB; 4 reps  Precipitation: 
Planting Date: 5/24/05  PRE: 1st week 2.24 inches 
Variety: AG 2403   2nd week 2.55 inches 
PRE: 5/24/05   EPOST: 1st week 0.28 inches 
EPOST: 6/20/05; Soybean 2 tri; Cowh .5-4"; Grft 2-4"   2nd week 0.97 inches 
POST: 6/30/05; Soybean 4 tri; Cowh 4-8"; Grft 5-8"  POST: 1st week 0.00 inches 
Soil: Silty clay; 3.5% OM; 6.6 pH   2nd week 0.00 inches 
  Grft=Green foxtail 
  Cowh=Common waterhemp 
 
COMMENTS: Roundup applications alone resulted in only fair waterhemp control.  Single pass 
applications of Roundup at the 2nd or 3rd soybean trifoliate growth stage resulted in 
excellent foxtail control, but only approximately 70% waterhemp control. Two passes of 
Roundup resulted in 80% waterhemp control. 
 
Preemergence applications of some soil residual herbicides followed by Roundup 
improved waterhemp control compared to Roundup alone.  High and low rates of 
Authority, Dual II Magnum, Sencor, Valor, and Boundary resulted in similar weed control 
when followed by a postemergence application of Roundup.  Green foxtail control was 
+97% whereas common waterhemp control was approximately 90% in each treatment. 
 
   % Grft % Cowh % Grft % Cowh Yield 
Treatment Rate/A 7/21/05 7/21/05 9/15/05 9/15/05 bu/A
 Check ---- 0 0 0 0 6 
EARLY POSTEMERGENCE
 Roundup UltraMax II+AMS 22 oz+2.5 lb 98 94 97 72 21 
  
POSTEMERGENCE
 Roundup UltraMax II+AMS 22 oz+2.5 lb 98 92 98 70 19 
  
EARLY POSTEMERGENCE & POSTEMERGENCE
 Roundup UltraMax II+AMS& 22 oz+.2.5 lb& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 95 98 81 28 
 
PREEMERGENCE & POSTEMERGENCE
 Authority&Roundup UltraMax II+AMS 2.6 oz&22 oz+2.5 lb 98 98 97 93 26 
 Authority&Roundup UltraMax II+AMS 5.3 oz&22 oz+2.5 lb 98 97 96 93 25 
 Dual II Magnum& 1 pt& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 97 98 90 29 
 Dual II Magnum& 2 pt& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 97 97 87 24 
 
 Sencor&Roundup UltraMax II+AMS .5 pt&22 oz+2.5 lb 98 96 97 83 28 
 Sencor&Roundup UltraMax II+AMS 1 pt&22 oz+2.5 lb 98 97 97 91 29 
 Valor&Roundup UltraMax II+AMS 1.5 oz&22 oz+2.5 lb 98 97 98 88 32 
 Valor&Roundup UltraMax II+AMS 3 oz&22 oz+2.5 lb 98 94 97 81 25 
 
 Boundary&Roundup UltraMax II+AMS 1.5 pt&22 oz+2.5 lb 98 95 97 85 28 
 Boundary&Roundup UltraMax II+AMS 2.5 pt&22 oz+2.5 lb 98 96 97 89 26 
 Valor+Python& 1.5 oz+.5 oz& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 98 98 95 31 
 Valor+Python& 1.5 oz+.3 oz& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 97 97 92 27 
 
           LSD (.05)  0 2 3 11 9 
 
 
 
Table 10.  RESIDUAL HERBICIDES APPLIED PRIOR TO or TANK-MIXED with ROUNDUP 
 
RCB; 4 reps  Precipitation: 
Planting Date: 5/24/05  PRE: 1st week 2.24 inches 
Variety: AG 2403   2nd week 2.55 inches 
PRE: 5/24/05   EPOST: 1st week 0.28 inches 
EPOST: Soybean 2 tri; Grft 2-4"; Cowh .5-4"   2nd week 0.97 inches 
POST: Soybean 4 tri  POST: 1st week 0.00 inches 
Soil: Silty clay; 3.5% OM; 6.6 pH   2nd week 0.00 inches 
 
  Grft=Green foxtail 
  Cowh=Common waterhemp 
 
COMMENTS: All treatments resulted in excellent green foxtail control and approximately 90% 
waterhemp control.  Weed control was similar if soil residual herbicides were applied 
preemergence followed by Roundup or early postemergence in a tank-mix with Roundup. 
 
   % Cowh % Cowh % Grft Yield 
Treatment Rate/A 7/21/05 9/15/05 9/15/05 bu/A
 Check ---- 0 0 0 10 
 
PREEMERGENCE & POSTEMERGENCE
 Dual II Magnum& 1.5 pt& 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 98 94 98 31 
 Intrro&Roundup UltraMax II+AMS 2 qt&22 oz+2.5 lb 96 91 99 29 
 Outlook&Roundup UltraMax II+AMS 16 oz&22 oz+2.5 lb 97 90 98 28 
 
EARLY POSTEMERGENCE
 Dual II Magnum+ 1.5 pt+ 
    Roundup UltraMax II+AMS    22 oz+2.5 lb 97 92 99 27 
 Intrro+Roundup UltraMax II+AMS 2 qt+22 oz+2.5 lb 97 84 98 26 
 Outlook+Roundup UltraMax II+AMS 16 oz+22 oz+2.5 lb 97 85 98 25 
 
           LSD (.05)  2 8 2 7 
 
 
 
Table 11.  PRE and POST COMBINATION WEED CONTROL in SOYBEANS 
 
RCB; 4 reps  Precipitation: 
Planting Date: 5/24/05  PRE: 1st week 2.24 inches 
Variety: AG 2403   2nd week 2.55 inches 
PRE: 5/24/05   EPOST: 1st week 0.28 inches 
EPOST: 6/20/05; Soybean 2 tri; Cowh .5-4"   2nd week 0.97 inches 
POST: 6/30/05; Soybean 4 tri  POST: 1st week 0.00 inches 
Soil: Silty clay; 3.5% OM; 6.8 pH   2nd week 0.00 inches 
 
  Cowh=Common waterhemp 
 
COMMENTS: Two passes of Roundup or a preemergence herbicide followed by one application of 
Roundup resulted in 95% waterhemp control.  When followed by Roundup, waterhemp 
control from Valor resulted in similar weed control as from Valor tank-mixed with 
FirstRate, Python, or Sencor. 
 
   % Cowh % Cowh % Cowh Yield  
Treatment Rate/A 6/25/05 7/21/05 9/7/05 bu/A Moisture
Check ---- 0 0 0 10 33.3 
 
EARLY POSTEMERGENCE & POSTEMERGENCE
 Roundup Original Max+AMS& 22 oz+2.5 lb& 
    Roundup Original Max+AMS    22 oz+2.5 lb 0 97 95 42 10.9 
  
PREEMERGENCE & POSTEMERGENCE
 Valor+FirstRate& 1.5 oz+.3 oz& 
    Roundup Original Max+AMS    22 oz+2.5 lb 89 97 97 38 11.2 
 Valor& 2 oz& 
    Roundup Original Max+AMS    22 oz+2.5 lb 90 98 94 37 11.0 
 Valor+Python& 1.5 oz+.5 oz& 
    Roundup Original Max+AMS    22 oz+2.5 lb 94 98 95 41 11.1 
 Valor+Sencor& 1.5 oz+3 oz& 
    Roundup Original Max+AMS    22 oz+2.5 lb 91 98 94 38 11.3 
 
           LSD (.05)  4 1 7 11 5 
 
 
 
 
Table 12.  VOLUNTEER RR CORN CONTROL in SOYBEANS 
 
RCB; 3 reps  Precipitation: 
Planting Date: 5/24/05  POST: 1st week 0.28 inches 
Variety: AG 2403   2nd week 0.97 inches 
POST: Soybean 1-2 tri; Voco 5-12"  POST 2: 1st week 0.00 inches 
POST2: Soybean 4 tri; Voco 18"   2nd week 0.00 inches 
Soil: Silty clay loam; 3.0% OM; 6.8 pH 
  Voco=Volunteer corn 
 
COMMENTS: A range of grass herbicides provided excellent control of volunteer corn when applied 
early (2nd trifoliate) or late (4th trifoliate) postemergence in soybean.  Control of volunteer 
corn with Poast was approximately 10% greater when applied early rather than late 
postemergence.  At either application time, corn control with Poast was less than that 
from the other grass herbicide.  The addition of crop oil concentrate (COC) with Select 
Max improved control of corn when applied at the 2nd soybean trifoliate stage but not at 
the 4th soybean trifoliate stage. 
 
   % Voco % Voco 
Treatment Rate/A 7/21/05 9/15/05
 Check ---- 0 0 
 
POSTEMERGENCE
 Poast+COC+AMS 1 pt+1%+2.5 lb 98 94 
 Assure II+COC+AMS 5 oz+1%+2.5 lb 99 99 
 Fusilade DX+COC+AMS 6 oz+1%+2.5 lb 99 99 
 Select+COC+AMS 4 oz+1%+2.5 lb 99 99 
 Select Max+COC+AMS 6 oz+1%+2.5 lb 99 99 
 
 Roundup UltraMax II+Select Max+AMS 22 oz+6 oz+2.5 lb 96 93 
 Roundup UltraMax II+Select Max+ 22 oz+6 oz+ 
    COC+AMS    1%+2.5 lb 99 99 
 Roundup UltraMax II+Assure II+AMS 22 oz+5 oz+2.5 lb 99 99 
 Roundup UltraMax II+Assure II+ 22 oz+5 oz+ 
    NIS+AMS    .125%+2.5 lb 99 99 
 
POSTEMERGENCE 2
 Poast+COC+AMS 1 pt+1%+2.5 lb 91 84 
 Assure II+COC+AMS 5 oz+1%+2.5 lb 97 96 
 Fusilade DX+COC+AMS 6 oz+1%+2.5 lb 96 98 
 Select+COC+AMS 4 oz+1%+2.5 lb 97 98 
 Select Max+COC+AMS 9 oz+1%+2.5 lb 97 97 
 
 Roundup UltraMax II+Select Max+AMS 22 oz+9 oz+2.5 lb 97 96 
 Roundup UltraMax II+Select Max+ 22 oz+9 oz+ 
    COC+AMS    1%+2.5 lb 97 97 
 Roundup UltraMax II+Assure II+AMS 22 oz+5 oz+2.5 lb 96 96 
 Roundup UltraMax II+Assure II+ 22 oz+5 oz+ 
    NIS+AMS    .125%+2.5 lb 97 98 
 
            LSD (.05)  2 2 
 
 
 
Table 13.   SELECT MAX for CONTROL of VOLUNTEER ROUNDUP READY CORN 
 
RCB; 3 reps  Precipitation: 
Planting Date: 5/24/05  POST: 1st week 0.28 inches 
Variety: AG 2403   2nd week 0.97 inches 
POST: 6/20/05; Soybean 1-2 tri; Voco 5-12"; Cowh 2-5"  POST2: 1st week 0.00 inches 
POST2: 6/30/05; Soybean 4 tri; Voco 18"; Cowh 4-8"   2nd week 0.00 inches 
POST3: 7/11/05; Soybean 15"; Voco 24-30"; Cowh 8-15" POST3: 1st week 0.00 inches 
Soil: Silty clay loam; 3.0% OM; 6.8 pH   2nd week 0.76 inches 
 
  Voco=Volunteer corn 
  Cowh=Common waterhemp 
 
COMMENTS: When applied at the 2nd soybean trifoliate, 6 oz/A of Select Max resulted in greater corn 
control than 4 oz/A of Select Max.  When applied at the 4th soybean trifoliate, 7.5 oz/A of 
Select Max resulted in excellent control of corn.  However, an application of 9 oz/A of 
Select Max two weeks later resulted in only 67% corn control. 
 
Common waterhemp control associated with the Roundup tank-mix partner was also 
evaluated.  Roundup applied at the 2nd soybean trifoliate resulted in approximately 60% 
waterhemp control whereas +97% waterhemp control was achieved with a Roundup 
application 10 or 21 days later. 
 
   % Voco % Cowh % Voco % Cowh 
Treatment Rate/A 7/21/05 7/21/05 8/29/05 8/29/05
POSTEMERGENCE
 Exp+Roundup WeatherMax+ 5 oz+22 oz+ 
    NIS+AMS    .125%+2.5 lb 98 57 98 23 
 Select Max+ 4 oz+ 
    Roundup Original Max+AMS    22 oz+2.5 lb 67 60 77 50 
 Select Max+ 6 oz+ 
    Roundup Original Max+AMS    22 oz+2.5 lb 98 50 98 27 
 
POSTEMERGENCE 2
 Select Max+ 7.5 oz+ 
    Roundup Original Max+AMS    32 oz+2.5 lb 96 98 96 97 
 
POSTEMERGENCE 3
 Select Max+ 9 oz+ 
    Roundup Original Max+AMS    32 oz+2.5 lb 47 97 67 98 
 
 Check ---- 0 0 0 0 
 
           LSD (.05)  12 9 13 15 
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INTRODUCTION 
 
Distillers grains are becoming 
increasingly more prevalent as a feed 
ingredient in the diets of growing and 
finishing cattle.  Previous research 
suggests that DDGS can substitute for 
corn in finishing diets, up to 
approximately 20% of the diet DM, 
without sacrificing animal 
performance.   
 
Odor has become, and will continue to 
be, an issue of concern for livestock 
operations.  Unfortunately, odor is 
difficult to quantify in practice.  Dose-
response relationships have been 
recognized for ammonia, hydrogen 
sulfide (H2S), and dust as potentially 
detrimental to human health (Nicolai 
and Pohl, 2005). Additionally, H2S can 
be detected by the human nose at 
levels as low as 0.5 ppb (Tamminga, 
1992).  
 
Manure has been and should continue 
to be utilized as a fertilizer and soil 
amendment.  However, crops require 
approximately 5:1 nitrogen (N) to 
phosphorus (P) ratio and manure 
typically contains approximately 2:1 N 
to P ratio as a result of N volatilization 
(Erickson et al., 1998).  Historically, 
manure has been applied based on N 
concentration of the manure and the N 
requirement of the crops. However, 
given the ratio of N to P in manure, 
this practice could become an 
environmental concern.  Regulatory 
agencies have recognized this 
concern and have begun 
implementation of P-based land 
application regulations.  Therefore, an 
understanding of how dietary 
manipulation can affect the P 
concentrations in manure is of great 
importance to feedlot managers.  
 
This trial was designed to determine 
the effect of increasing levels of DDGS 
in feedlot diets on performance and 
carcass characteristics of yearling 
steers, odorant emissions from feedlot 
pens, and nutrient concentrations in 
manure and soil. 
 
MATERIALS AND METHODS 
 
This experiment was conducted at the 
South Dakota State University (SDSU) 
Southeast Research Farm near 
Beresford, SD. One hundred ninety-
two steers (initial BW = 826 ± 18 lb) 
received on two separate dates were 
weighed, blocked by receiving date, 
and randomly allotted to 16 dirt floor 
pens (48.2 ft x 113.8 ft; 5% slope).  
The pens were then randomly 
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assigned to one of four dietary 
treatments. The control diet (CON) 
contained cracked corn, alfalfa hay, 
molasses, supplement, and urea. In 
the remaining three diets, all of the 
urea and portions of the cracked corn 
were removed and replaced with 
DDGS at 15% (15% DDGS), 25% 
(25% DDGS), and 35% (35% DDGS) 
of the diet DM (Table 1). The diets 
were formulated to provide similar 
levels of crude protein (CP) for CON 
and 15% DDGS (13.2 and 13.3% CP, 
respectively) and a stepwise increase 
in CP for 25% and 35% DDGS (15.4 
and 17.6%, respectively).  Analysis of 
weekly feed samples collected 
throughout the trial determined that the 
CP concentrations were 11.4, 12.2, 
14.3, and 16.5% for CON, 15% DDGS, 
25% DDGS, and 35% DDGS, 
respectively.  All steers were 
vaccinated at the beginning of the trial 
and received a Revalor© IS (80mg 
trenbolone acetate and 16mg 
estradiol) implant on day 28. Diets 
were mixed daily and delivered in the 
morning. Steers were fed until they 
had approximately 0.4 in. backfat, by 
visual appraisal, at which time they 
were sent to a commercial packing 
plant and carcass data was collected.   
 
Air samples were collected by wind 
tunnel from three locations on each 
pen floor over three days prior to 
animal introduction and on d 76-78. 
Soil samples were taken from pen 
floors prior to animal introduction as 
well as after manure removal. 
 
Performance, carcass, soil, and odor 
data were analyzed as a randomized 
complete block using the GLM 
procedure of SAS (2002) with pen as 
the experimental unit  When the model 
was significant (P < 0.05), treatment 
means were separated using least 
significant differences.  Orthogonal 
contrasts were performed to compare 
control vs distillers treatments and to 
test for linear and quadratic effects.   
 
RESULTS AND DISCUSSION 
 
Over the 105-d experiment, cattle fed 
25% DDGS consumed more (P < 
0.05) dry matter than cattle fed the 
CON diet (Table 2).  Dry matter intake 
of steers fed 15% and 35% DDGS was 
intermediate but not different than that 
of steers fed CON or 25% DDGS. Dry 
matter intake increased quadratically 
as the level of DDGS in the diet 
increased (P < 0.05).  Steers fed 
DDGS consumed more feed than 
steers fed the CON diet (P < 0.10).  
Average daily gain tended (P < 0.10) 
to be greater for cattle fed 25% DDGS 
than CON cattle.  Average daily gain 
of steers fed 15% and 35% DDGS was 
intermediate but not different than that 
of steers fed CON or 25% DDGS.  
Feed efficiency (gain:feed) was not 
affected by treatment. 
 
Carcass data are reported in Table 3.  
Hot carcass weights and Yield Grades 
were greater (P < 0.05) for 35% DDGS 
vs CON with 15% and 25% DDGS 
being intermediate but not different 
than that of steers fed CON or 35% 
DDGS.  Backfat tended (P < 0.10) to 
be greater for 35% DDGS vs CON 
with 15% and 25% DDGS being 
intermediate but not different than that 
of steers fed CON or 35% DDGS.  
Dressing percentage was lower (P < 
0.05) for steers fed CON than those 
fed 15% or 35% DDGS, but was not 
different than those fed 25% DDGS.  
Steers fed 35% DDGS had greater 
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dressing percent than steers fed CON 
or 25% DDGS but were not different 
than those fed 15% DDGS.  Dressing 
percent and backfat increased (P < 
0.05) and hot carcass weight and Yield 
Grade tended (P < 0.10) to increase in 
a linear fashion as level of DDGS in 
the diets increased. Increasing the 
level of DDGS did not affect ribeye 
area; kidney, pelvic, and heart fat, or 
marbling score. 
 
Hydrogen sulfide was detected at 
higher (P < 0.05) levels in the 35% 
DDGS treatment (Table 4).  The 
Occupational Safety and Health 
Administration (OSHA) limits 
workplace hydrogen sulfide at 2000 
ppb over an eight-hour workday 
(Agency for Toxic Substances and 
Disease Registry, 1999). The highest 
reading from any one sample in this 
study was 13 ppb. In areas where odor 
may be a public concern, it should be 
noted that H2S can be detected by the 
human nose at levels as low as 0.5 
ppb (Tamminga, 1992). The levels in 
this study are below levels of concern 
from a human health perspective; 
however H2S should be considered a 
contributor to malodors.  A trained 
panel was unable to detect differences 
in odor produced between the test 
diets, and as a whole, odors were near 
or below the threshold for detection by 
the panel.   
 
Since manure can be used as a 
fertilizer and crops require 
approximately 5:1 nitrogen to 
phosphorus ratio, understanding the 
concentration of N and P in the 
manure is critical. Because manure 
typically contains approximately 2:1 N 
to P ratio as a result of N volatilization 
(Erickson et al., 1998), excess P can 
become a potential environmental 
concern. In this study, increasing 
levels of DDGS significantly (P < 0.05) 
increased ammonia –N and Olsen-P in 
manure removed from pens (Table 5).  
These results agree with previous 
work (Geisert et al., 2005) that 
demonstrates an increase in fecal P as 
the P content of the ration increases.  
Increase in concentration of P in 
livestock manure is of notable 
importance as regulations pertaining to 
manure P distribution on cropland are 
becoming increasingly stringent.  
Some caution must be used as this is 
a small dataset for making such 
decisions, but an example of how 
manure application may be affected by 
increasing dietary DDGS can be found 
in Table 6.   Based on this experiment 
more than a 75% increase in corn 
acreage would be needed for manure 
application to account for the increase 
in P between control and 35% distillers 
diets. 
 
Pen floor soil analysis (Table 7) 
showed no differences for OM, NO3-
N, NH4-N, Kjedahl-N, Olsen-P, pH, 
salts, and K between pens before or 
after animal introduction.  There was, 
however, a trend (P < 0.15) for the 
35% DDGS treatment to increase 
Olsen- P and NH4-N between initial 
and final core sampling periods.  
Previous research from the University 
of Nebraska suggests that diets 
formulated to contain lower P 
concentrations can result in lower P 
levels in core samples from pens 
where manure has been removed 
(Erickson et al., 2000). 
 
Pen soil contamination and leeching 
from feedlot pens are generally not 
environmental concerns in permitted 
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feedlots, due to regulations guiding 
pen construction methods, 
compaction, and slope.  There is a 
concern with down slope areas where 
runoff tends to pool and settle allowing 
N to move vertically through the soil 
profile.  Interesting to note in this study 
is that even with the clay pen 
construction and 5% slope, the higher 
manure N and P concentrations were 
able to penetrate the soil, at least to 
the 6 in. test depth.  Rainfall during the 
trial (11.7 in.) may have pooled as a 
result of manure buildup in the pens.  
This pooling may have contributed to 
the increased infiltration of N and P 
into the pen floors. 
detrimental to animal performance; 
however, performance was maximized 
at 25% DDGS.  Increasing levels of 
DDGS appears to increase 
subcutaneous fat deposition. As such 
careful attention should be paid to 
days on feed and terminal endpoints.  
Inclusion appears to have no 
noteworthy effects on odor emission 
from the feedlot.  However, increasing 
levels of DDGS does affect the 
nutrient composition of manure, which 
may limit its use, particularly in states 
where manure application is currently 
regulated under a P-based 
management system.  
 
  
IMPLICATIONS ACKNOWLEDGEMENTS 
  
Dried distillers grains with solubles are 
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Table 1. Composition of finishing diets 
 Treatment 
Item, % DM CON 15% DDGS 25% DDGS 35% DDGS 
Alfalfa hay 10.0 10.0 10.0 10.0 
DDGS - 15.0 25.0 35.0 
Dry rolled corn 82.0 67.0 57.0 47.0 
Molasses 4.0 4.0 4.0 4.0 
Supplement     
   Ground corn 1.93 2.35 2.35 2.35 
   Urea 0.83 - - - 
   Limestone 0.58 1.00 1.00 1.00 
   TM salt 0.57 0.57 0.57 0.57 
   Premixa 0.08 0.08 0.08 0.08 
     
Nutrient composition     
   Dry Matter, % 87.9 87.8 88.8 89.0 
   Ash, % 9.7 9.6 9.2 8.9 
   CP, % 11.4 12.2 14.3 16.5 
   NDF, %b 14.4 18.9 21.8 24.9 
   ADF, %b 6.8 8.1 8.9 9.7 
   Fat, % 4.7 5.8 6.5 7.3 
   P, %c 0.29 0.37 0.42 0.47 
a Provides:18 g/ton monensin; 10 mg Cu, 9.2 IU Vitamin E, and 2,200 IU Vitamin A per kg total diet 
DM. 
b Derived from assay values for alfalfa and DDGS and tabular values (NRC, 1996) for remaining dietary 
ingredients. 
c Derived from tabular values for feeds used (NRC, 1996). 
 
Table 2. Performance of finishing steers fed increasing levels of dried distillers grains with solublesa
 Treatment  Contrasts 
   ---------- P –value ---------- 
Item CON 15% DDGS 
25% 
DDGS 
35% 
DDGS SEM 
CON vs. 
DDGS Linear Quadratic 
Initial Weight, lb 829 828 826 823 3.35 0.426 0.232 0.757 
Final Weight, lb 1275 1289 1303 1290 11.97 0.204 0.278 0.284 
         
Cumulative (d 0-105) 
  ADG, lb/d 4.25d 4.39de 4.55e 4.45de 0.10 0.106 0.124 0.269 
  DMI, lb/d 23.74b 24.13bc 24.81c 24.06bc 0.25 0.070 0.130 0.048 
  Gain:Feed 0.179 0.182 0.184 0.185 0.003 0.262 0.223 0.822 
  Feed:Gain 5.59 5.50 5.46 5.42 0.096 0.272 0.238 0.830 
a All calculations based on computed 3% BW shrink. 
b,c Means with different superscripts differ (P < 0.05). 
d,e Means with different superscripts differ (P < 0.10). 
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Table 3. Carcass characteristics of finishing steers fed increasing levels of dried distillers grains with 
solubles 
 Treatment  Contrasts 
   ----------P–value---------- 
Item CON 15% DDGS 
25% 
DDGS 
35% 
DDGS SEM 
CON vs. 
DDGS Linear Quadratic 
HCW, lb 787.8a 804.9ab 809.4ab 811.5b 4.22 0.033 0.054 0.377 
Shrunk dress, % 60.0a 60.6bc 60.2ab 61.0c 0.11 0.011 0.017 0.866 
Marbling scoref 537 518 530 510 6.25 0.213 0.284 0.969 
KPH fat, % 2.12 2.16 2.03 2.11 0.04 0.951 0.620 0.837 
Backfat, in 0.45d 0.46de 0.47de 0.51e 0.01 0.345 0.010 0.411 
REA, in2 13.1 13.1 13.1 13.1 0.10 0.919 0.979 0.904 
Yield grade 2.84a 2.96ab 2.96ab 3.15b 0.05 0.120 0.059 0.747 
a,b,c Means with different superscripts differ (P < 0.05). 
d,e Means with different superscripts differ (P < 0.10). 
f Small0=500 (low choice), Modest0=600 (average choice). 
 
Table 4. Effects of feeding increasing levels of dried distillers grains with solubles on hydrogen sulfide 
(H2S) and odor detectiona
 Treatment  
Item CON 15% DDGS 25% DDGS 35% DDGS SEM 
H2S, ppb      
    Initialb 0.00 0.00 0.08 0.01 0.028 
    On trialc 0.67e 0.56e 0.81e 2.22f 0.355 
    Difference 0.666e 0.556e 0.722e 2.223f 0.360 
Odor Detection, OUd
    Initialb 30.5 30.5 36.1 36.5 3.092 
    On trialc 35.7 26.7 32.2 36.3 3.701 
    Difference 4.17 -3.67 -5.13 0.33 4.860 
a Stocking density on monoslope pens 450 ft2/hd. 
b Samples taken prior to animal introduction (June 21, 23-24). 
c Samples taken at d 78-80 (October 4-6). 
d Odor Units (OU). 
e,f Means with different superscripts differ (P < 0.05). 
 
Table 5. Manure scraping nutrient compositions 
 Treatment 
Item CON 15% DDGS 25% DDGS 35% DDGS 
lb removeda 10,223 11,151 10,661 10,616 
DM, % 65 67 65 67 
NH4, ppm 241b 411b,c 764c 1304d
Kjedahl-N, % 0.2 0.2 0.2 0.1 
Olsen-P, ppm 710b 860c 1013d 1163e
a Calculated from study animals; four pens per treatment containing 12 head per pen, feed 105 d.    
b,c,d,e Means with different superscripts differ (P < 0.05). 
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Table 6. Calculated crop production for manure phosphorus utilization 
 Treatment 
Item CON 15% DDGS 25% DDGS 35% DDGS 
P2O5, lb/hda 178.29 246.60 265.30 315.26 
Corn, bub 509.4 704.6 758.0 900.7 
Acres of cornc 3.92 5.42 5.83 6.93 
Soybean, bub 231.55 320.26 344.55 409.43 
Acres of soybeansd 5.79 8.01 8.61 10.24 
Alfalfa, tonb 14.86 20.55 22.11 26.27 
Acres of alfalfae 6.46 8.93 9.61 11.42 
a Calculated from study animals; four pens per treatment, 12 head per pen, fed 105 d. 
b Represent production needed to utilize manure P without soil loading or depletion. 
c Based on average production of 130 bushels per acre. 
d Based on average production of 40 bushels per acre. 
e Based on average production of 2.3 tons per acre. 
 
 
Table 7. Composition of soil core samples taken from pen floor. 
 Initiala  Finalb  Difference 
 CON 15% DDGS 
25% 
DDGS 
35% 
DDGS  CON 
15% 
DDGS 
25% 
DDGS 
35% 
DDGS  CON 
15% 
DDGS 
25% 
DDGS 
35% 
DDGS 
OM, % 6.2 7.5 6.5 6.5  8.6 8.3 8.1 7.7  2.4 0.8 1.6 1.2 
NO3-N, ppm 45.5 45.0 39.5 44.8  113.0 136.7 120.8 127.6  67.5 91.7 81.3 82.9 
Olsen-P, ppm 425.0 485.0 417.5 357.5  430.0 428.8 425.0 452.5  5.0c -56.3c 7.5c 95.0d
K, ppm 3407.5 3367.5 3500.0 3387.5  4090.0 4225.0 4637.5 4240.0  682.5 857.5 1137.5 852.5 
pH 8.0 8.1 8.1 8.1  8.1 8.0 8.1 8.0  0.08 -0.15 -0.08 -0.15 
Salt, mmho/cm 2.9 2.7 2.7 2.6  3.6 3.8 3.9 3.8  0.7 1.1 1.2 1.2 
NH4, ppm 9.5 13.3 6.5 2.8  66.9 38.3 59.6 97.1  57.4e 25.1e 53.1e 94.3f
Kjedahl-N, % 0.56 0.68 0.57 0.54  0.62 0.68 0.66 0.64  0.05 0.00 0.08 0.08 
a Prior to animal introduction. 
b After animal removal and pen scraping. 
c,d Values within column lacking common superscripts tend to be different (P < 0.11). 
e,f Values within column lacking common superscripts tend to be different (P < 0.14). 
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INTRODUCTION 
 
The expansion of the ethanol industry 
has increased the availability of co-
products for livestock feed.  Utilization of 
these co-products in beef cattle diets 
could be a means for producers to 
reduce the cost of production without 
sacrificing animal performance.  Use of 
DDGS in cattle diets has become an 
increasingly common practice in modern 
feedlots and dairies.  A large body of 
research has identified optimum 
inclusion rates for each industry. 
However, research on the use of DDGS 
in poor-quality forage diets is limited. 
 
Beef producers who rely on crop 
residue, dormant range or other poor-
quality forages for winter feed may be 
able to reduce their cost of production 
by utilizing dried distillers grains with 
solubles (DDGS) as a crude protein 
(CP) source rather than more expensive 
oilseed meals or commercial protein 
supplements. Dried distillers grains with 
solubles contain approximately 30% CP.  
Approximately 45% of the CP is 
degradable in the rumen and the other 
55% is undegradable intake protein 
(UIP), or escape protein. This balance of 
rumen degradable and undegradable 
protein makes DDGS suitable for beef 
cow   
 
 
 
diets. Young and high producing 
females require more escape protein to 
help meet their metabolizable protein 
requirements.  However, if the supply of 
rumen degradable protein is inadequate, 
fiber digestion may be reduced.  
Fortunately for beef producers, 
ruminants recycle nitrogen.  Nitrogen in 
the bloodstream can re-enter the rumen 
environment in the form of urea either 
directly across the rumen wall or as a 
component of saliva.  The extent of 
recycling that occurs in beef cows on 
low-protein diets is not well 
documented.  This experiment was 
designed to determine if DDGS could be 
used to replace sunflower meal (SFM), 
on a CP basis, in the diets of beef cows 
consuming poor-quality forages. 
 
MATERIALS AND METHODS 
 
Ninety-six gestating beef cows (initial 
BW = 1276.4 ± 22.2; initial BCS = 4.7 ± 
0.09) and 96 non-gestating, non-
lactating beef cows (initial BW = 1214.0 
± 20.8; initial BCS = 5.4 ± 0.10) were 
used for year 1 and year 2, respectively.  
Animals were stratified by weight and 
assigned to one of fifteen pens. Pens 
were then randomly assigned to one of 
three treatment supplements: 1) SFM, 
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2) a 50:50 combination of SFM and 
DDGS (COMB), or 3) DDGS (Table 1).  
Supplements were formulated to be 
isocaloric and isonitrogenous, but 
provide decreasing levels of degradable 
intake protein (Table 1).  All cows 
received a basal diet of ground corn 
stalks (CS) and were allowed ad libitum 
access to a salt-mineral block.  Cows 
were fed their allotted supplement first 
and then allowed free access to the 
basal forage.  Cows were weighed on d 
-1, 0, 35, 69, and 70.  Consecutive 
weights at the initiation (d -1 and 0) and 
conclusion (d 69 and 70) of the 
experiment were averaged to determine 
initial and final weights. On day 0 and 70 
body conditioned scores (BCS) were 
determined by averaging the estimates 
of three experienced individuals.  Fat 
depth at the 12th rib and rump were 
determined by ultrasound on d 0 and 70.  
Feed samples were taken weekly, 
frozen immediately, and stored at –20oC 
prior to analysis.  Feed samples were 
assayed for Kjeldahl N (Macro-Kjeldahl 
N; AOAC, 1995), ADF and NDF 
(Goering and Van Soest, 1990), and 
UIP (Klopfenstein et al., 2001) (Table 2).     
 
Daily feed allocations were recorded 
and orts were collected and weighed 
weekly or as needed. All data were 
analyzed with pen as the experimental 
unit using the GLM procedure of SAS 
(1999 SAS Inst., Inc., Cary, NC).  When 
treatment x year interactions were not 
significant (P > 0.05), data were pooled 
across years. Significance was declared 
at P < 0.05. 
 
RESULTS 
 
Weight change tended to be influenced 
by a treatment x year interaction (P < 
0.06; Table 3).  In year 1, cows 
supplemented with SFM gained more 
weight than cows supplemented with 
DDGS or COMB.  However in year 2, 
performance was not affected by 
treatment.  Intake of cornstalks, 
supplement, and mineral are reported in 
Table 4.  Intake of corn stalks did not 
differ between treatments for year 1.  In 
year 2, cows fed the COMB treatment 
had greater (P < 0.05) intake of corn 
stalks than cows fed the DDGS 
treatment but did not differ from the 
SFM treatment.  Cows fed the SFM 
treatment had intermediate CS intake 
which did not differ from COMB or 
DDGS.  In year 1, supplement intake 
was greater for cows fed the SFM 
treatment than for cows fed DDGS but 
did not differ from those cows fed the 
COMB treatment.  Supplement intake 
did not differ between cows fed DDGS 
and COMB.  No significant difference 
was noted between treatments for 
mineral intake in year 1.  In year 2, 
supplement intake was greatest (P < 
0.05) for cows consuming SFM and 
lowest for cows fed DDGS.  Supplement 
intake of cows fed COMB was 
intermediate.  In year 2, no difference 
was found between treatments for 
mineral intake.  Treatment had no affect 
on BCS (Table 5) or ultrasound fat 
depth at the 12th rib or rump (Table 6).   
 
DISCUSSION 
 
In the first year of the experiment, cows 
consuming SFM gained more weight 
than cows consuming DDGS or COMB.  
However, this response was not 
observed in year 2.  The difference in 
weight gain between years is likely a 
result of the difference in physiological 
state (gestating vs. non-gestating, non-
lactating) of the cows used in each year.  
Cows in late gestation would experience 
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greater weight gain as a result of fetal 
development and have higher nutritional 
requirements than open cows.  The 
reason for increased performance of 
cows in the SFM treatment is unclear.  
Given the similar intake of CS across 
treatments, it is unlikely that diet 
digestibility was substantially different 
between treatments. Differences in the 
intake of treatment supplements were 
not unexpected.  To facilitate provision 
of an isocaloric and isonitrogenous 
supplement, cows fed SFM and COMB 
received slightly more DM per day than 
cows fed DDGS.  Inconsistent 
responses in gain and the lack of 
differences in BCS and ultrasound fat 
depth suggests that DDGS can replace 
oilseed meals on a crude protein basis 
without affecting animal performance.   
 
IMPLICATIONS 
 
Results of these experiments suggest 
that DDGS can effectively replace 
sunflower meal on a crude protein basis 
without sacrificing animal performance.  
This provides beef producers with an 
economical management alternative for 
winter supplementation for cattle on 
poor-quality forages. 
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Table 1. Composition and nutrient profile of treatment supplements 
 Year 1  Year 2 
Ingredient SFM COMB DDGS  SFM COMB DDGS 
 ------------------------------------------- lb DM/d -------------------------------------------------- 
DDGS - 1.49 2.97 - 1.57 3.15 
SFM 2.85 1.43 - 3.5 1.75 - 
Soy oil 0.35 0.17 - 0.35 0.17 - 
 ---------------------------------------- % of diet DM -------------------------------------------- 
DM 90.1 87.6 84.9 90.6 90.3 89.9 
CP 26.7 28.6 30.8 24.0 27.9 32.6 
 -------------------------------------------- % of CP ------------------------------------------------- 
DIP 88.0 71.7 63.2 88.0 71.6 63.2 
 
Table 2. Chemical composition of individual feed ingredients 
 Year 1  Year 2 
Analysis SFM CS DDGS  SFM CS DDGS 
 -------------------------------------------  %DM -------------------------------------------------- 
CP 29.7 3.31 30.8 26.4 3.58 32.6 
DM 89.1 87.3 84.9 89.8 81.8 89.9 
ASH 5.49 4.95 3.93 9.34 9.39 3.36 
OM 94.5 95.1 96.1 90.7 90.61 95.6 
ADF 28.3 47.2 14.8 38.7 53.6 13.4 
NDF 44.1 79.8 42.6 38.7 88.2 42.4 
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Table 3. Cow weights and weight changes 
 Year 1  Year 2 
 SFM COMB DDGS SEM  SFM COMB DDGS SEM 
 ----------------------------------------------------- lb ------------------------------------------------------ 
Initial 1286.1 1285.5 1293.3 10.7  1194.2 1212.9 1215.4 10.7 
Final 1355.6 1332.4 1341.2 13.0  1197.8 1231.7 1234.8 13.0 
Change 69.5b 46.9a 47.9a 8.6  3.6 18.8 19.4 8.6 
a,b Means with uncommon superscripts differ (P < 0.10). 
 
Table 4. Intake 
 Year 1  Year 2 
Ingredient SFM  COMB DDGS SEM  SFM COMB DDGS SEM 
 ----------------------------------------------- lb/d DM ----------------------------------------------- 
Corn Stalks 28.0 28.2 28.6 0.03 18.6c,d 19.0d 17.6c 0.00 
Supplementa 3.23d 3.19c,d 3.15c 0.03 3.26e 2.99d 2.79c 0.00 
Mineralb 0.79 0.86 0.81 0.03 0.62 0.62 0.53 0.00 
a Supplements were formulated for different intake levels. 
b Mineral was provided as a free choice block. 
c,d,e Means within a row under each year with uncommon superscripts differ (P < 0.05). 
 
Table 5. Body condition scores and changes 
 SFM COMB DDGS SEM 
Initial 5.04 5.02 5.09 0.05 
Final 5.15 5.15 5.22 10.07 
Change 0.11 0.13 0.03 0.08 
 
Table 6. Ultrasound rib and rump fat depth and changes 
 SFM COMB DDGS SEM 
12th rib fat -------------------------------------------- in ------------------------------------------------- 
   Initial 0.13 0.14 0.12 0.01 
   Final 0.13 0.14 0.12 0.01 
   Change 0.00 0.00 0.00 0.00 
Rump fat -------------------------------------------- in ------------------------------------------------- 
   Initial 0.22 0.22 0.22 0.02 
   Final 0.22 0.21 0.21 0.02 
   Change - 0.02 - 0.01 - 0.01 0.00 
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